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Foreword 




N recent years, siicli marvelous advanced have been 
made in the engineering and scientific fields, and 
so rapid has been the evolution of mechanical and 
constructive proct^sses and methods, that a distinct 
need has been created for a series of practical 
working (/uidtM^ of convenient size and low cost, embodying the 
accumulated results of experience and the most approved modern 
practice along a great variety of lines. To fill this acknowledged 
need, is the special purpose of the series of handbooks to which 
this volume In^longs. 

C In the preparation of this series, it has ])i»en the aim of the pub- 
lishers to lay special stress on the 2}r(fcturfl side of each subject, 
as distinguished from mere theoretical or academic discussion. 
Each volume is written ])y a well-known expert of acknowledged 
authority in his s|)ecial line, and is based on a most careful study 
of practical needs and up-to-date methods as developed under the 
conditions of actual practice in the field, the shop, the mill, the 
power house, the drafting room, the engine room, etc. 

C These vohunes are espt^cially adapted for purposes of self- 
instruction and home study. The utmost care has been used to 
bring the treatment of each subject within the range of the com- 



mon understanding, so that the work will appeal not only to the 
technically trained expert, but also to the beginner and the self- 
taught practical man who wishes to keep abreast of modern 
progress. The language is simple and clear; heavy technical terms 
and the formulae of the higher mathematics have been avoided, 
yet without sacrificing any of the requirements of practical 
instruction; the arrangement of matter is such as to carry the 
reader along by easy sti^ps to complete mastery of each subject; 
frequent examples for practice are given, to ena])le the reader to 
test his knowledge and make it a permanent possession; and the 
illustrations are selected with the greatest care to supplement and 
make clear the references in the text. 

4L The method adoptiHi in the preparation of these volumes is that 
which the American School of Correspondence has developc^d and 
emj)loyed so successfully for many years. It is not an experiment, 
but has stood the severest of all tests — that of practical use — which 
has demonstrated it to be the best -method yet devised for the 
education of the busy working man. 

C For purposes of ready reference and timely information when 
ntHHled, it is l)elievtKi that this series of handbooks will be found to 
meet every requirement. 
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HEATING AND VENTmATION 

PART I 



SYSTEMS OF WARMING 

Any sysk'ni of warniing must include, fimtj the n)inl»iLstion 
of furl, wliicli may fake phiee in u fin'|>lace, .stove, or rurriiiee, or a 
steam, or liot-water l>uiler; .stctmdf a .system i>f truiisniis.sion, Ijy means 
uf wliieh the heat may l>e carrieil, with as Uttle loss as [x>ssible, to the 
phiee wlieiv it is to \)v viseil fur wannin|^; and iltird, a systent of thf- 
fiision, wliich will convey the heat to tlie air in a rt>om, and to its 
walls, floors, etc., in tlie most eeeHiomieal way. 

Stoves* Tlie vsim|jlest antl ellea|R^st form of heating is the stove. 
The Iieat is difTnNiHl by rathation and amveetitjn directly to tlie olijix-ts 
and air in the room, and no special system of tmnsmission is re(|nire<I. 
Tlie stove is used largely in the ef>untry, and is especially at!apti*d 
to tlie wanning of small dwelling-houses and isolate<i room.s. 

Furnaces. Next in cost of installation and in simpheity of 
operation, is the hot^ir furnace. In this method, the air is drawn 
over heated surfaces and (hen transmitted through pipes, while at 
a high tein}>erature, to the rooms wiiere heat is RHjuireth Furnaces 
are used largely for warming dwelling-houses, also churches, halls» 
and schoolhouscs of small size. They are more cxjstly than sttivcs, 
but have certain ad%^antages over that form of heating. They retpnre 
less care, as several rooms may be warmed fnmi a single furnair; 
and, being pliiced in the basement, more space is available in the 
rooms above, and the dirt and litter connected with the care of a stove 
are largely done away with. They re*[nire less care* as only one fire 
is necessary to warm all tlie rooms in a hon.se of ortlinary size. One 
great advantage in the furnace metliod of wanning et>mes fn>m the 
constant supply of fresh air which is recpu'red to bring the heat into 
the nxims. While this is greatly to Ik* desired from a sanitary stand- 
point, it calls for the con,sumpti4)n of a largt^ amount of fuel than 
would otherwise be necessary. This is true because heat is required 
to wann the fresli air from out of doors up to the temperature of the 
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rooms, in addition to replacing the beat kcst by leakage and oonductioQ 
through walls and windows. 

A more even temperature may be maintained i^ith a furnace 
than by the use of stoves, owing to the greater depth and ^ze of the 
fire, which allows it to Ik* more easily eontnJled. 

When a building is placed in an exposed location, there is often 
difficulty in warming rooms on the north and west sides, or on that 
side toward the prevailing winds. This may be overcome to some ex- 
tent by a proper location of the furnace and by the use of extra large 
pipes for conveying the hot air to those rooms requiring special at- 
tention. 

Direct Steam. l)irec»t steam, so calletl, is widely used in all 
classes of buildings, both l)y itself and in combination with other 
systems. The first cost of installation is grt*ater than for a furnace; 
but the amount of fuel rcijuiretl is k*ss, as no outside air supply is 
necessary. If useil for wanning hi>spitals, schoolhouses, or other 
buildings where a genemus supply of fresh air is desired, this method 
must be supplementeil by some form of ventilating system. 

One of the principal advantages of direct steam is the ability 
to heat all rooms alike, regardless of their location or of the action 
of winds. 

When compared with hot-water heating, it has still another 
desirable feature — which is its freetlom from damagi* by the freezing 
of water in the radiators when closed, which is likely to happen in 
unused rooms during very cold weather in the case of the former 
system. 

On the otlier hand, the sizes of tlie radiators nnist l)e pn)jX)rtioned 
for warming the rooms in the c^oldest weather, and unfortunately 
there is no satisfactory method of regulating the amount of heat in 
mild weather, except by sliutting off or turning on steam in the radia- 
ators at more or less frecjuent inter\'als as may be recjuired, unless one 
of the expensive systems of automatic control is employed. In large 
n)oms, a certain amount of regulation can be secured by dividing 
the radiation into two or more parts, so that different combinations 
may l)e use<l under varying conditions of outside temperature. If 
two radiators arc usihI, their surface should be proportioned, when 
convenient, in tlie ratio of 1 to 2, in which case one-third, two-thirds, 
or the whole power of the radiation can be used as desired. 
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Indirect Steam. This system of heating ronihiin's soiuv uf flu: 
advantages of both the furnace and Jiroct steaio, hut is iii(»re cosily 
lu install than either of these. The amount of fud riMjuin-d is alxnit 
the same as for furnace heating, Ix^cause in eacli case the c<j<»1 fresh 
air must be wanned up to the teuitJcruture uf Hie room, befcjre it can 
btxxmie a mtM^liuni for eonveyinf^ lieat to ntVset dial lust by leakage 
and conduction through walls and wimlows. 

A system for indirect steam may !)c so designcil diaf it will supply 
a greater quantity of fresh air than the ordinary form of furnace, in 
which case the cost of fuel will of ct»urse be increased in proportion to 
the ^'"olume of air supplietl. Instead of placing the radiators in the 
rtwms, a special form of heater is supported near the basement ceiling 
and encased in either galvanized iron or brick, A coI<l*uir sujii^ly 
duct is connected witli the space Mow the heater, ami warm air pipes 
are taken from the top and connected with ngisters in the rooms to 
be heated the same as in the case of furnace la-ating, 

A separate stack or heater may l>e provided for each register if 
the rooms are large; but, if small and so located that they may be 
reached by short nins of horizontal pipe, a single heater may serve 
for two or more rcwjms. 

The advantage of indirect steam over furnace heating comes from 
the fact that the stacks may be placed at i*r near the bases of the flues 
leading to the different rooms, thus iloing away with lung, horizontal 
runs of pipe, and counteracting to a considerable extent the ellect nf 
wind pressure njxm exposed rooms. Indirect and direct heating are 
often comljioed to advantage by using the former frir the more import- 
ant roouis, where ventilation is desired, and the latter for rooms more 
remote or where heat only is required. 

Another advantage is the large ratio Ix'tween the radiating sur- 
face and grate-area, as cf>mpare<l with a furnac*'; this results in a large 
volume of air tx^iiig warmed to a imwlcrate teiiqHTnture instead of a 
smaller quantity being heated to a much higher tcm|xTatun% thus 
giving a more agreeable rpiality to the air and rendering it less dry. 

Indirect steam is axliipted to ail the buildings mentioned in ctni- 
nection with furnace heating, and may he used to much licttt^r advat;- 
tage in those of lai^ size. This applies especially to cases where 
more than one furnace is necessary; for, with steam heat, a single 
boiler, or a battery of Ixnlers, may Ix* matle to supply licat ft*r a build- 
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ing of any size, or for a group of several buildings, if desircil, and is 
much easier to care for than several funiaci*s widely scattere<l. 

Direct-Indirect Radiators. These radiators are place<l in the 
room the same i\s the onlinary dirt»ct typi\ The constniction is such 
that when the sections are in place, small flues are fonneil between 
them; and air, l)eing admitted through an o{x;ning in the outside wall, 
passes upward through them and lK»com(\s heatc^I l)efore entering the 
room. A switch damj)er is placeil in the casing at the base of the 
radiator, so that air may Iw taken fn)m the room itself instead of 
from out of doors, if so desired. 11 idiators of this kind are not used 
to any great extent, as there is likely to be more or less leakage of ct)l(i 
air into the room around the base. If ventilation is recjuired, it is 
better to use the regular form of indin»ct heater with flue and register, 
if possible. It is sometimes desirable to partially ventilate an isolatwl 
room where it would 1k» impossible to run a Hue, and in cases of this 
kind the dirt»ct-indirect form is often useful. 

Direct Hot Water. Hot water is esj)ecially adapted to the warm- 
ing of dwellings and greenhouses, owing to the ease with which the 
temperature can be regulated. When steam is ustnl, the radiators are 
always at practically the same temperature, while with hot water the 
temperature can be variwl at will. A system for hot-water heating 
costs more to install than one for steam, as the radiators must be larger 
and the pipes more carefully run. On the other hand, the cost of 
operating is somewhat less, because the water need Ik* carried only at 
a temperature sufficiently high to warm the rooms properly in mild 
weather, while with steam the building is likely to become overheated, 
and more or less heat wasted thn)ugh open doors and windows. 

A comparison of the relative costs of installing and operating hot- 
air, steam, and hot-water systems, is given in Table I. 

TABLE I 
Relative Cost of Heating: Systems 



Relative cost of apparatus 

Relative cost, aading repairs and fuel 

for five years 21) i 

Relative cost, adding rei)airs and f\icl for 

fifteen years * SI 



Hot Air 



Stkam Hot Water 



1:5 j 15 

29 J ' 27 

0.3 52i 



One disadvantage in tbr use of hot water is tlie <langer from 
freezing when radiators are shut off in unused rooms. This makes 
it necessary in very cold wea^ther to have all parts of the system turner! 
on sufficiently to pnithice a circulation, even if verj^ slow* This is 
sometimes acct:>nipiished by drilling a very small hole falxHit J inch) 
in the valve-seat, to that when closed there wll still he a very slow 
circulation tlirough the radiator, thus preventing the tempemiiire of 
the water from reaeliinfj; the freezing jjoint. 

Indirect Hot Water, This is used under the same conditions as 
indirect steam, bnt more especially in the ease of dwelhngs and hospi- 
tals. When applied U) other ami larger huildiiigs, it is customary to 
force the water through the mains l>y means of a pump. Larger 
heating stacks and supply pipes are requiaMj than for steam; but the 
arrangement and size of air-floes and registers art* practically the 
same, although they are sometimes made slightly larger in special cases. 

Exhaust Steam, Exhaust steam is used for heating in connection 
with power plants, as in shops and factories, or in office buildings 
which have their own lighting plants. There are two metluxls of 
using exhaust steam for heating puq>oses. One is to carry a back 
pressure of 2 to 5 pounds on the engines, depending upon the length 
and size of the pipe mains ; and the other is to use some form of vacuum 
sysinn attacht»<I to the returns or air-valves, which tends to reduce 
the hack pressure rather than to increase it. 

Where the first methofl is used and a back pressure carried, either 
the boiler pressure or the cut-fiff of the engines must be incit*ased, to 
keep the mean effective pressure the same and not rt^duce the horse- 
power delivered. In general it is more economical to utilize the ex- 
haust steam for heating. There are instances, however, where the 
relation t>etween the quantities of steam required for heating and for 
power are such — especially if the engines are nm condensing — that 
it is better to throw the exiiaust aw^ay and heat with live steam. 
Where the vacuum method is used, these difficulties are avoided; and 
for this reason that methrxl is coming into fjuite common use. 
If the condensatitm from the exhaust steam is returned to the 
boilers, the oil must first be removed; this is usually accomplished by 
passing the steam through soiue form of grease extractor as it leaves 
the engine. The water of eontlensation is often passed through a 
separating tank in addition to this, before it is delivered to the return 
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pumps. It is better, however, to remove a portion of tlie oil l^efore 
the steam enters the heating system; otherwise a coating will be formed 
upon the iilner surfaces of the radiators, which will reduce their 
efficiency to some extent. 

Forced Blast. This method of heating, in different forms, is 
used for the warming of factories, schools, churches, theaters, halls — 
in fact, any large building where good ventilation is desired. The 
air for warming is drawn or forced through a heater of special design, 
and discharged by a fan or blower into ducts which lead to registers 
placed in the rooms to l>e warmed. The heater is usually made up in 
sections, so that steam may be admitted to or shut off from any section 
independently of the others, and the temperature of the air regulated 
in this manner. Sometimes a by-pass damper is attached, so that 
part of the air will pass through the heater and part around or over it; 
in this way the proportions of cold and heated air may be so adjusted 
as to give the desired temperature to the air entering the rooms. These 
forms of regulation are common where a blower is used for warming 
a single room, as in the case of a church or hall; but where several 
rooms are warmed, as in a schoolhouse. it is customary to use the 
main or primary heater at the blower for warming the *air to a given 
temperature (somewhat below that which is actually required), and 
to supplement this by placing secondary coils or heaters at the bottoms 
of the flues leading to the different rooms. By means of this arrange- 
ment, the temperature of each room can be regulated independently 
of the others. The so-called doubk-duct system is sometimes employed. 
In this case, two ducts are carried to each register, one supplying hot 
air and the other cold or tempered air; and a damper for mixing these 
in the right proportions is placed in the flue, below the register. 

Electric Heating. Unless t»lectricity can be pro<luc(Ml at a very 
low cost, it is not practicable for heating residences or large buildings. 
The electric heater, however, has quite a wide fiehl of application in 
heating small offices, bathrooms, electric cars, etc. It is a convenient 
method of warming isolated rooms on cold mornings, in late spring and 
early fall, when the regular heating apparatus of the building is not in 
operation. It has the advantage of being instantly available, and the 
amount of heat can be regulatcnl at will. Electric heaters arc* clean, 
do not vitiate the air, and an* easily movcnl fn)m place to place. 
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PRINCIPLES OF VENTILATION 

Clost*Iy connected with tlie siibjei*^ of lieatiiig i.s tht* problem of 
Tnaintaining air of a certain standard of purity in the various buildings 
oecupiinl. 

The introduction of pure air can be done properly only in con- 
nection with some system of heatin<^; and no system of heating is 
eomplete without a supply of pure air, tiepeniiint^ in juntnnit upm the 
kind of buildint; and the |)nr]>ose for which it Is used. 

Composition of the Atmosphere. Attno^spherie air is not a simple 
\ul>stanee but a mechanical mixture. Oxyt^^eu and uitrotjjeu, the 
principal constituents, arc* present iti very nearly the proportion nf one 
part of oxyticen to ftnir parts of nitrofjeu by wt*i<^ht, CaHfonic acid gas, 
the pro<hict of all comlnistion, exists in the proportion of 3 to 5 parts 
in 1(),()(K1 in the open nxmtry. Water in the form of vapor, varies 
gn^atly with the temperature and witli the exposure of tlie air to open 
biMhes of water. In adfbtion to the aliove, there ai-e generally |*resent, 
in variable liut exceedingly small f|uantities, ammonia, sulphuretted 
hydmgen, sylphuric, sntpliorous, nitric, and nitnais acitls, floating' 
organic ami inorganic matter, and lt>cal impurities. Air also einitains 
ozone^ wliich is a ptxMiHurly a<'tive form of oxygen; and lately an<4licr 
constituent calletl argtm has been disc*overt*d. 

Oxtfffni is the most important rlemmt of the air, so far as lM)th 
heating and ventilation an^ concerneiL It is the active element in the 
chemical process of combustion anil alsr* in the somewhat similar 
process which takes place in the respiration of human l>eings. Taken 
into the lungs, it acts upon the excess of eariMin in the likMMl,and |>os- 
sibly U[M>n other ingredients, forming cliemical e<nn|n*umls whieh are 
thr<»wn off in the act of respiration or Ivreathing. 

Nitrofferu The principal bulk of the atmosphere is nitrogen, 
which exists uniformly iliH'used with oxygen and carbonic acid gas. 
This element is practically inert in all f*rocesses of c»om!instion or 
respiration. It is not affected in (»om[K>sition, either l)y parsing through 
a fnniace during comliustion or (li rough the lungs in the proeess of 
respiration. Its action is to render the oxygen less active, ami to 
absorb some part of tlie heat proiluced by tlie process <>f oxidation, 

Carbanie acid gas is of itself only a neutral constituent of the 
atmosphere, hke nitmgen; and^-contrary to the general impn^ssion— 
its presence in moderately large fjuantities (if uncombincil with other 
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substances) is neither disagreeable nor especially hannful. Its 
presence, however, in air provided for respiration, decreases the readi- 
ness with which the carbon of the blood unites with the oxygen of the 
air; and therefore, when present in sufficient quantity, it may cause 
indirectly, not only serious, but fatal results. The real harm of a 
vitiated atmosphere, however, is caused by the other constituent 
gases and by the minute organisms which are produced in the process 
of respiration. It is known that these other impurities exist in fixed 
proportion to the amount of carbonic acid present in an atmosphere 
vitiated by respiration. Therefore, as the relative proportion of 
carbonic acid can easily l>e determined by experiment, the fixing of a 
standard limit of the amount in which it may be allowed, also limits the 
amounts of other impurities which are found in combination with it. 

When carbonic acid is present in excess of 10 parts in 10,000 
parts of air,a feeling of weariness and stuffiness, generally accompanied 
by a headache, will be experienced; while with even S parts in 10,000 
parts a room would be considered close. For general considerations 
of ventilation, the limit should be placinl at G to 7 parts in 10,000, thus 
allowing an increase of 2 to 3 parts over that present in outdoor air, 
which may be considered to contain four parts in 10,000 under ordi- 
nary conditions. 

Analysis of Air. An .accurate qualitative and quantitative 
analysis of air samples can be made only by an experienced chemist. 
There are, however, several approximate methods for determining 
the amount of carl)onic acid present, which are sufficiently exact for 
practical purposes. Among these the following is one of the simplest : 

The necessary apparatus consists of six clean, dry, and tightly 
corked bottles, containing respectively 100, 200, 250, 300, 350, and 400 
cubic centimeters, a glass tuln? containing exactly 15 cubic centimeters 
to a given mark, and a bottle of perfectly clear, fresh limewater. The 
bottles should be filled with the air to be examined by means of a hand- 
ball sjTinge. Add to the smallest bottle 15 cubic centimeters of the 
limewater, put in the cork, and shake well. If the limewater has a 
milky appearance, the amount of carbonic acid will be at least 16 
parts in 10,000. If the contents of the bottle remain clear, treat the 
lx)ttle of 200 cubic centimeters in the same manner; a milky appear- 
ance or turbidity in this woukl indicate 12 parts in 10,000. In a 
similar manner, turbidity in the 250 cubic centimeter bottle indicates 



ID parti^ ill 10,(KW); in the 300, 8 parts; in tbr H'Al 7 parts; and in the 
4O0, less than 6 parts. The abiHty to conduct oiore accurate analyses 
can be attained only Uy special study aufl a knowledge of chemical 
pniperties and of methtnis of investigation. 

Another methofl similar to the above, makers use of a glas,^ 
cylinder containing a given quantity of limewater and pmvided witli a 
piston. A sample of the air to Ix- tester! is drawn into the cylinder by 
an upward movement of the piston. The cylinder is then tlioroughly 
shaken, and if the hmewater shows a milky appearance, it indicates 
a certain pro|x>rtion of carbonic acid in the air. If the limewater 
Remains clear, the air is forced rvut, und another cylinfler full drawn in, 
the oj>eration lieing repeated until the limewater becc»mes milky. 
The si^e of the cylinder and the quantity of limewater are so propter- 
tionetl that a change in color at the first, second, third, etc., cylinder 
full of air indicates different proportions of carl>onic aciti. This test 
is really the same in principle as the one previously describe<I; but the 
apparatus used is in more convenient form. 

Air Required for Ventilation. The amount of air required to 
maintain any given standard of purity can very easily he determinixl, 
provided we know the amount of carbonic acid given off in the process 
of respiration. It has been found l>y experiment that the average 
prochietion of carbonic acid by nn adult at rest is about ,0 culiic foot 
per hour. If we iissmne the i>ropnrtion of this gas as 4 parts in lO.tMM) 
in the external air, and nxv to allow ti parts in lO/MK) in an rH?cupied 
room, the gain will be 2 parts in H>,(>00; or, in otlicr wonls, there will 

2 

be *" - = .(X¥)2 cubic foot of carbonic acid mixefl with (^ach cubic 
1 U|UUU 

foot of fresh air entering the room. Therefore, if one person gives 

off .0 cul>ic foot c>f carlmnic aeitl per hour, it will rerjuire .(> 4- ,0(X)2 

— 3,000 cul>ic feet of air per hour jjer person to kiH^p the air in the 

room at the stantlanl of purity assumed — that is, jiarts of carl>onic 

acid in 10.000 of air. 

Table II has been computed in this manner, and shows the 
amount of air which must be intrinhiced for each person in order to 
maintain various standards of purity. 

While this tal>le gives the theon^tical quantities of air requinxl 
for different standarrls of purity, and may be use* I as a guifle, it will l»e 
better in actual j»ractice to use (luantities wlueh ex[K^rience has shown 
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to give good results in diflFerent types of buildings. In auditoriums 
where the cubic space per individual is large, and in which the atmos- 
phere is thoroughly fresh before the rooms are occupied, and the 
occupancy is of only two or three hours' duration, the air-supply may 
be reduced somewhat from the figures given below. 

TABLE II 
Quantity of Air Required per Person 



Standard Parta of Carhonic 


Cubic Feet op Air R 


EQUIRED PER PrRBOH 


Acid in 10.000 t)F Air 




IN liOOM 


Per Minute 


Per Hour 


f) 


100 


0,000 


6 


50 


3,000 


7 


33 


2,000 


8 


25 


1,500 


9 


20 


1,200 


10 


16 


1,000 



Table III represents good modem practice and may l>e used 
with satisfactory results: 

TABLE III 
Air Required for Ventilation of Various Classes of Buildings 



AiR-RuppLY PER Occupant for 


Cubic Feet per 
Minute 


Cubic Fekt per 
Hour 


Hospitals 

High Schools 

Grammar Schools 

Theaters and Assenihly Halls 

Churches 


80 to 100 

50 

40 

25 

20 


4, 800 to 6, 000 

3,000 

2,400 

1,500 

1,200 



When possible, the air-supply to any given room should be based 
upon the numl)er of occupants. It sometimes happens, however, 
that this information is not available, or the character of the room is 
such that the number of persons occupying it may vary, as in the case 
of public waiting rooms, toilet rooms, etc. In instances of this kind, 
the recjuired air-volume may be based upon the number of changes 
per hour. In using this method, various considerations must be taken 
into account, such as the use of the room and its co|idition as to crowd- 
ing, character of occupants, etc. In general, the following will be 
found satisfactory for average conditions: 
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TABLE IV 
Number of Changes of Air Required in Various Rooms 



TJfle OP Room 


CnANaKB or Aja picji Uoxtn 


Public Waiting Room 


4 to 5 


Public Toilets 


5** f> 


C3cmt and I^ockcr Rooms 


4 " 5 


Museums 


3*' 4 


Offices, Publif 


4" 5 


Offices. Private 


3" 4 


Pultlic Dining Rnorus 


4 *' 5 


Living RcMinis 


3" 4 


Libraries, !'yblif> 


4" 6 


Libruries, Private 


3" 4 



mstis 



Force for Movinjjr Air. Air is moved for ventiktlnt; purposes in 
two ways: (1) by expansion tlue to heating; (2) by niechanical means. 
The effect of heat on the air is to increase its volume anil therefore 
le^en its density or weight, so that it tends to rise ami is replaeeil by 
the colder air below. The available force for moving air obtained in 
this way is verj^ small, and is quite likely to be overcome by wind or 
external causes. It will Iw found in genera! tlxat the heat iistnl for 
prcxlucing velocity in this manner, when tmnsfonued into work in 
the steam engine, is greatly in 
execiis of that rerjuired to pro- 
duce the same effect by the u.s*^ of 
a fan. 

Ventilation by mechanical 
means is performetl either by 
pressure or by suction. The for- 
mer is user] for delivering fresli air 
into a building, and the latter for 
remo\nng the foul air from it. 
By iMtdi pn>cesses the air is moved mk. l cnmrooQ Form of Aiiemomet<*r, for 
witliont change m temperatun\ 

and the force for moving must be sufJicient to overcome the eff(^»ts 
of wind or changes in outside temperature. Some form of fan is used 
for this purpose. 

Measurements of Velocity. The velocity of air in ventilating 
ducts and flues is measured directly by an instrument called an ane- 
mometer. A common fi>mi of this instrument is shown in Fig, L It 
consists of a series of flat vanes attached to an axis, and a series of dials. 
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The revolution of the axis causes motion of the hands in proportion to 
the velocity of the air, and the result can Ik* read directly from the dials 
for any given period. 

For approximate results the anemometer may l)e slowly moved 
across the opening in either vertical or horizontal parallel lines, so 
that the readings will be made up of velocities taken fn)m all parts of 
the opening. For more accurate work, the opening should be divided 
into a number of squares by means of small twine, and readings taken 
at the center of each. The mean of tluvse readings will give the 
average velocity of the air through the* entire opening. 

AIR DISTRIBUTION 

The location of the air inlet to a room depends ujxm the size of 
the room and the purpose for which it is used. In the case of living 
rooms in dwelling-houses, the registers are placed either in the floor 
or in the wall near the floor; this brings the warm air in at the coldest 
part of the room and gives an opportunity for warming or dr}ing the 
feet if desired. In the case of schoolrooms, where large volumes of 
warm air at moderate temperatures are recpiired, it is best to discharge 
it through openings in the wall at a height of 7 or S feet from the floor; 
this gives a more even distribution, as the warmer air tends to rise and 
hence spreads uniformly under the ceiling; it then gradually displaces 
other air, and the room becomes filled with pure air without sensible 
currents or drafts. The cooler air sinks to the bottom of the room, and 
can be taken oflt through ventilating registers placed near the floor. 
The relative positions of the inlet and outlet are often governed to 
some extent by the building construction; but, if possible, they should 
both be located in thesam(» side of the room. Figs. 2, .S, and 4 show 
common arrangements. 

The vent outlet should always, if jx)ssible, be placed in an inside 
wall ; otherwise it will Ix^come chilknl and the air-flow thn)ugh it will 
become sluggish. In theaters and churches which are closely packed, 
the air should enter at or near the floor, in finely-<livi<led streams; and 
the discharge ventilation should be through openings in the ceiling. 
The reason for this is the large amount of animal heat given off from 
the bodies of the audience; this causes the air to become still further 
heated after entering the room, and the tendency is to rise continuously 
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DLaiprams Shovrlng Relative rositlfmsof Air Inlets and Outlei* as C^^miiionly Arraoi^ed- 

floor can be uaeil for other purposes. lo cases of this kiiiil, part of 
the air may be* introtluecil thrtjugh floor rt^gistcrs placed along the outer 
aisles, and the rt^maiiider by means of wall iidets the same as for sehool- 
rooms. The discharge ventilation should be partly through registers 
near the floor, supplemcnteti by amplt! ceiling vents for use wlien the 
hall is crowded or the outside temperature high. 

The matter of air-velocities, size of flues, etc., will l>e taken up 
under the head of * 'Indirect Heating." 

HEAT LOSS FROM BUILDINGS 

A linffsh Thtrmul Unit^ or B. T, U.^ has been defined as the 
amount of heat retpiired to raise the temperature of one pound of 
water one degree F. This measure of heat enters into many of the 
calculations involved in the solving of jiroblems in heating ami ventila- 
tion, and one should familiarize himself with the exact meaning of 
the term. 

Causes of Heat Loss. The heat loss from a bnilding is due to 
the hallowing causes: (1) radiation and eonduetion of heat tlirongli 
walls and witi<lows; (2) leakage of warm air around ihiors arid win- 
dowsand through the walls themselves; ami (3) heat required to warm 
the air for ventilation. 

Loss through Walls and Windows. The loss of heat tlirough 
the walls of a building depends upon the material used in construction 
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TABLE V 

Heat Losses in B. T. U. per Square Foot of Surface per Hour— 

Southern Exposure 



Material 



8-in. Brick WaU 

12-in. Brick Wall 

16-in. Brick Wall 

20-in. Brick Wall 

24-in. Brick Wall 

28-in. Brick Wall 

32-in. Brick Wall 

Single W^indow 

Double Window 

Single Skylight 

Double Skylight 

1-in. W^oo<len Door 

24ti- WiHhk^n DiHjr >...._., 
2'in. Solid Flrmtrr J';irHriiiTi. . . 
3'in,Sobd I'ljit^tcr rjirtition. . . 
CoiitTeti? FU*i>ron llriuk Arrh. 
WockI Floor on lirk'k Arch.. 
Doyblu Woocl Floor ...,.►... 
Wallw tjf Orctitmry Wootlen 
Dwellings . . ........ 



Difference between 


Inside and Out- 


BIDE Temperatures 


ir 


aop 


30' 


10- 


50^ 


eo« To^ 


aj' 


KPjiar' 


5 


9 1 


13 


18 


22 

16 
la 


27131 


36 


40' 45 


4 


7 ' 


10 


13 


*20 


23 


26 301 33 


3 


n 


s 


10 


15 


19 


221 24j 27 


2.8 


45! 


7 


9 


U 


14 


16 


18 20: 23 


2,5 


i 


G 


8 


IC 


12 


14 


16^ 


18 30 


2 


3.5 


5 


7 


9 


11 


13 


14 


16 18 


15 


3 > 


4.5 


6 


8 


10 U 


13 


15 16 


12 


24 


36 


49 


m 


73 85 931 ml 122 


H 


10 


24 


32 


40 


48, m 02 70' 78 


11 


21 


31 


42 


52 


63 73, 84 94 104 


7 


11 


20 


28 


35 


43 48| 56, 62 70 


\ 


S 


12 


I a 


m 


24 28' 32 36, 40 


3 


r, 


8 


11 


li 


17 20 23 2.^ m 


U 12 


rs 


24 


30 


m\ 42 48 54, 00 


ri \u\ 


15 


2t) 


25 


30 25 40 451 50 


2 1 4 


U.5 


J) 


M 


13 IS 18i 20 22 


1 5 


3 


4.5 


1 ^ 


7 


9 10; 121 13 15 


1 


2 


3 


4 


5 


«i ^ 


Si 9 10 


:\ 


, -^ 


S 


10 


n 


Ifi 


19 

1 


22 


]"> 



For aoh'd atone ivaUs, multiply the figures for brick of the same thickness 
by 1 .7. Where rooms have a cold attic above or cellar beneath, multiply the 
heat loss through walls and windows by 1 . 1 . 

Correction for Ijcakagc. The figures given in the above table apply only 
to the most thorough construction. F'or the average well-built house, the 
results should be increased about 10 per cent; for fairly good construction, 
20 JKT cent; and for i)oor construction, 30 |wr cent. 

Table V applies 01 Jy to a southern exposure; for other ex{X)surcs multi- 
ply the heat loss given in Table V by the factors given in Table VI. 

of the Willi, the thiekness, the miinher of layers, and the differenoe 
Ix^tween the inside and outside temperatures. The exact amount of 
heat lost in this way is very difficult to determine theoretically, hence 
we depend principally on the results of experiments. 

Loss by Air-Leakage. The leakage of air from a room varies 
fn)m one to two or more changes of the entire contents per hour, 
depending upon the constniction, opening of doors, etc. It is com- 
mon practice to allow for one change per hour in well-constructed 
buildings where two walls of the room have an outside exposure. As 
the amount of leakage depends upon the extent of exposed wall and 
window surface, the simplest way of providing for this is to increase 
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TABLE VI 
Factors for CalcuUting Heat Loss for Other than Southern Exposures 



EXPO«tTRS 


Factok 


N. 


1,32 


E. 


1 12 


s. 


10 


w. 


1 20 


N.E. 


1 22 


N. W. 


1 2ti 


8.E. 


1 m 


S, W. 


\ u\ 


N., E.» S., and W., or totttl exposure 


1 in 



the total loss thnnif^h walls and wJiitlows by ii factor tlt^pciKliiig u]>on 
the tightness of the lHiiI(lin;j; const nirt ion. Aulhurities ilifVer fon- 
siderably in the factors given for heat ItJs^^cs, mul there are various 
methods for computing the same. The figun^s given in Table V have 
been used extensively in actual |iractiee, luid have been found to give 
good results when used with judgment* Tlic table gives the heat losses 
through different thicknesses of walls, doors, windows, etc., in B. T. 
U., per square foot of surface i>er hour, for varjing diirereiiees in inside 
and outside temperatures. 

In comptiihifj the heat loss (hrotifjh witlh^ tmhj ihnse exjHhHvd to 
, the outside air are considered. 

In order to make the use of the table clear, we shall give a ninn- 
• of examples ilhistrating its use: 

Example l. Assuming an inside tt'inpiTuhin! at 7i)°, wluil will he llie 
beat loss from a room haviiij,: iiii cxfKJwod wall siirfarr of 2(K) Ncjiiari^ R'el ami a 
fz\i\8s surfarc* of 50 ^fjuare feet, when the ciylside femju^rafun* is xfn)? Tlic 
wall Is of bricks Ni irirhe^ in thiekrrcHs, 3in<l has a t^onlhurii rxpu.snrc; the win- 
dows arc sinjrle; and tlie eoriMtnietion is uf the best, so tliat nu nrrunnt need 
, be taken of leakage 

Wc find from Taljte \\ tlmi the factor fi>r a ir>-inrli brick wall 
with a difference in tem|>erature of 70° is ID, and that for glass (single 
window) under the same condition is 85; therefore, 

Loss through walls = 2U0 X 19 == 'i,<S(J<) 

Loss through windows = 50 X S5 = 4,2*50 

Total loss per hour - 8,0,50 B. T. IT. 

Example 2. A room 15 ft. mjuare and 10 fl. hij^h liaii two exposal walls, 
'one towanl the north, and the other toward the wost. There are 4 windt.ws, 
each 3 feet by 6 feet in size. The two in the uurth wall are double, while the 
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other two are single. The walls arc of brick, 20 inches in thickness. With an 
inside temperature of 70°, what will be the heat loss per hour when it is 10° 
below zero? 

Total exposed surface = 15 X 10 X 2 = 300 
Glasssurface = 3X 6X4= 72 

Net wall surface = 228 

Difference between inside and outside temperature 80°. 
Factor for 20-inch brick wall is 18. 
Factor for single window is 93. 
Factor for double window is 62. 
The heat losses are as follows: 

Wall, 228 X 18 = 4,104 

Single windows, 36 X 93 = 3,348 

Double windows, 36 X 62 = 2,232 



9,684 B.T.U. 
As one side is toward the north, and the other toward the west, the 
actual exposure is N. W. Looking in Table VI, we find the correction 
factor for this exposure to be 1.26; therefore the total heat loss is 
9,684 X 1.26 = .12,201.84 B. T. U. 

Example 3. A dwelling-house of fair wooden construction measures 
160 ft. around the outside; it has 2 stories, each 8 ft. in height; the windows 
are single, and the glass surface amounts to one-fifth the total exposure; the 
attic and cellar are unwarmed. If 8,000 B. T. U. are utilized from each pound 
of coal burned in the furnace, how many pounds will be reciuired jxjr hour to 
maintain a temperature of 70° when it is 20° above zero outside? 

Total exposure = 160 X 16 - 2,560 
Glass surface = 2,560 -^ 5 = 512 



Net wall - 2,048 

Temperature difference = 70 — 20 = 50° 
Wall 2,048 X 13 = 26,()24 

Glass 512 X 60 = 30,720 



57,344 B.T.U. 
As the building is exposed on all sides, the factor for exposure will be 
the average of those for N., E., S., and W., or 

(1.32 + 1.12 + 1.0 + 1.20) -h 4 = 1 16 
The house has a cold cellar and attic, so we must increase the heat loss 
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10 ixT cunt fur each of tlie firi^t twu conditions, and 20 pcT cent far the 
lust. Making these corrections we have: 

57,344 X l.lfi X l.liJ X Lin X L20 = 06,338 B.T. U. 
If one pound of coal funuishcs 8,fX)0 B. T. U,, then 0G,338 h- N,0(X) = 
12 pounds of coal per hour require*] to warm the building to 70^ 
under the conditions stated. 

Approximah' Mviht^fl, For <iweHing-houses of the average con- 
struction, tlie following siuiple method for calculating the lieat loss 
may be used. MuUiply the total expt)stj surface by 45, which will 
give the lieat loss in B. T. U. \k'T hour for an inside temperature of 70*^ 
in zem weather* 

This factor is obtained in the following manner : Assume the glass 
surface to be one-sixth the total exposure, which Is an average projxir- 
tion* Tlien each square foot of ex[)osed surface consists one-sixth 
of glass and five-sixths of wall, and the heat loss for 70*^ difference in 
temjKTature would be as follows: 

Wall I- X 19 - 15.8 

o 



Glass -p X 85 = 14.1 

29.9 

Increasing this 2(> per cent for leakagCv, 10 per cent for exjx>sure, and 
10 per cent for cold ceilings, we have; 

29,9X L20X I.IB X LKJ - 45. 

The toss through floors is considercil as Ix'ing offset by including 
the kitchen walls of a dwelling-house, which are wanned by the range, 
and wliieh would not otherwisi^ be included if computing the size of a 
furnace or boiler for heating. 

If the Iieat loss is rec|uired for outside tem[K^rafurc*s (ither than 
/vcro, multiply by 50 for 10 degrees below, and by 40 for 10 degrees 
alxjve zero. 

This method is convenient for apjirrjximations in the case of 
dwelling-houses; l)Ut the more exact method should fjc used for other 
types of buildings, and in all cases for computing the heating surface 
for separate roomjs, Wfwii calcidating the keot los:f from imlated 
rooms, the cold lihsult-walh ths well a^s the ouhide must be cotmdered. 

The loss through a wall next toacokl attic or other unwarmed space 
may in general be taken as about two-thirds that of an outside wall. 
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Ileat Loss by Ventilation. One B. T. U. will raise the tempera- 
ture of 1 cubic foot of air 55 degrees at average temperatures and 
pressures, or will raise 55 cubic feet 1 degree, so that the heat required 
for the ventilation of any room can l>e found by the following formula : 

Cu. ft. of air per hour X Xuml>er of depreea rise ., r,, t- • i 
■ ^^ = B. 1. I . reciuired. 

To compute the heat loss* for any given room which is to be 
ventilated, first find the loss through walls and windows, and correct 
for exposure and leakage; then compute the amount required for 
ventilation as above, and take the sum of the two. An inside tem- 
perature of 70° is always assumed unless otherwise stated. 

Examples. What iiuantity of heat will be nMiuired to warm 100,000 
cubic feet of air to 70° for ventilating^ purposes when the outside tcnii)eniturc 
is 10 below zero? 

100,(KK) X SO H- 55 - 145,454 B. T. l\ 

How many 13. T. U. will be requiroti per hour for the ventilation of a 
church seating 500 people, in zero weather? 

Referring to Table III, we find that the total air recjuired per 

hour is 1,200 X 500 = 000,000 cu. ft.; therefore 000,000 X 70 -^ 55 

= 763,636 B. T. U. 

r^, . . Rise in Temperature . • * i i i r nno 

The factor — — is approximate! v 1.1 for 60°» 

5o 

1.3 for 70°, and 1.5 for 80°. Assuming a tem|)erature of 70° for the 

entering air, we may multiply the air-volume supplied for ventilation 

by 1.1 for an outside temperature of 10° above 0, by 1.3 for zero, and 

by 1.5 for 10° below zero — which covers the conditions most commonly 

met with in practice. 

EXAMPLES FOR PRACTICE 

1. A room in a grammar school 28 ft. by 32 ft. and 12 feet high is 
to accommodate 50 pupils. The walls are of brick 16 inches in thick- 
ness; and there are 6 single windows in the nnmi, each 3 ft. by 6 ff.; 
there are warm rooms above and below; the exposure is S. E. How 

•many B. T. U. will be required per hour for warming the room, and 
how many for ventilation, in zen) weather, assuming the building to 
be of average construction? 

Axs. 24,261 + for warming; 152,727 + for ventilation. 

2. A stone church seating 400 people has walls 20 inches in 
thickness. It has a wall exposure of 5,000 square feet, a glass expos- 
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ure (single windows) of 000 sfjuaR* k'vi, loirl a roof t\\pu,siirf uf 7,0()0 
sf|uare feet; the nx>f is of 2-incli pine plank, and the factor for heat 
loss may be taken the same as for a 2-ineh wooden duur. The Hoor 
is of wood on briek arches, and has an area of 4,(X)() scpiare feet. The 
Imilding is expensed on alt sides, and is of first-class const met ion. 
What will be the Iieat recpjired per hour fcvr both wanning and ventila- 
tion when the outside temperature is 2t)° above zero? 

Axs, 206,380 for warming; 43(>,3M -f for ventilation. 
3, A dwelling-house of average wooden const met ion measures 
200 feet around the outside, an<! lias 3 stories, each feet hi<,^h. 
Compnte the heat loss by the ai>proxiinate method when tlie tem- 
perature is 10^ below zero. 

Axs, 270,( N }{} II. T. U. per hour. 

FURNACE Heating 

In const ruction, a furnace is a large stovt* with a eoni bust ion 
€haiulx*r of ample size over the tire, the whole l>eing iuelijsed in a 
easing of sheet iron or brick. The Ixjttom of the casing is provided 
with a cold-air inlet, and at the top aR* pi|)t\s winch cininect with 
registers placed in the various rooms to be licnted. Cold, fresh air 
is brought fmm out of doors through u pi|M^ i>r duct called the vtitd-air 
box; this air enters the space between the easing and the furnace near 
the Ixi'tonij and* in passing over the hot siirfiurs of the lirc-p<jt and 
combiLstiou chamber, becomes hcatetl. It then rises through the 
warm-air pipes at the top of the casing, and is disehargetl through fhc 
registers into the rooms above. 

As the warm air is taken fnmi the top of the furnace, cofd air 
flows in through the cold-air Ijox to take its place. The air for heating 
the rooms does not enter the combustion chamber- 
Fig. 5 shows the general arrangena'nt of a furnace with its (M>n- 
necting pipes. The ct>UI-air Inlet is seen at the liottuni, aiul t\\v la»t-air 
pipes at the top; these are all provided with daiu|XTs for shutting off or 
regulating the amount of air flowing througli tlicnh The feeil or fire 
door is sliown at the front, and the ash dor>r Iteneath it; a wakr-jmn is 
placed inside the casing, and furnishes moisture to the warm air l>efore 
passing into the rcK)nis; water is either jxnirerl into di(* pan through an 
opening in the front, provided for this purjM>se, or is su|>plied auto- 
matically through a pij>c. 
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The fire is regulated by means of a draft slide in the ash door, and 
a cold-air or regulating damper placed in the smoke-pipe. Clean-out 
doors are placed at different points in the casing for the removal of 




ashes and soot. Furnaces are made either of cast iron, or of wrought- 
iron plates riveted together and provided with brick-lined firepots. 
Types of Furnaces* Furnaces may be divided into two general 
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types knowFi lis (Urcvt-draft and hidirtci-drajL Fig. (J shows ii com- 
luun form of dirccUlrafi furnace with a brick setting; the l>etter class 
have a radiator, generally placed at the top, through which the gases 
pass licfore read ling the smokt^pipe. They have hut one (hinijxT, 
usually eoiiil)iiuHl with a eol*l-air check. Many of the cheajK^r direct- 



^ 
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Ft|^ <k A Ooiumon Type of Direct' Dntft Fiirimce to Urlck S«ltlng. 
Ca«t4rou KadUtor at Top. 

draft furnaces have no radiator at all, the gases passing directly into 
the srnoke-pi[x' and carrying away riiu(4i heat that .should be utilized. 

The furnace shown in Fig. () is made of cast iron and has a lar^e 
radiator at the top; the smoke connection Is sliown at tlie rear. 

Fig. 7 represents another form of direct-draft furnace. In this 
case the radiator is made of sheet -steel plates riveted together, and the 
outer casing is of heavy galvanized iron instead of hrick. 

In the onJinary indirecf-ilrafi iype of furnace (see Fig. S), the 
gases pass (hiwnward tlirough flues to a radiator located near the bascj 



22 



HEATING 



ION 



thence upvvanl tlirougfi luiutljer Hue tu the slIluke-[lijx.^ hi addition 
to the dampr in die smoke-pipe, a direct-draft damper is refjiiired 
to give direct connection with the fyonel when coal is first put on, to 
facilitate the esciiix* of gas to the chimney. WTien the cliimney draft 



li\il 









FJk. 7. inrecl'Drafl Furiiaet' with i raKanifvedlron CaslBg. Radiator (ill top) 
Mcwle of KlvettHl Stwl PlaTt*s. 

h weak, trouble from jjjus is more hkely to l>e ex|>erieneed with fur- 
naces of this type than with those having a direct ilnift. 

Orates, No part f)f u furnace is of more im]>ortanee tlian the 
grates. The plain piite rotatiiipf alwut a center pin was for a long 
time the one most commoiily used. These grates were usually pro- 
vided with a clinker door for removing: any refuse toe* large to pass 
between the grate bars. The action of such grates tends to leave a 




Fiu, K, IrnUn'ot DrrtftTyp*^*>f Furimee. Oases Pass Dowuwartl to Hndl-itor at TiotiMm. 
Tbfucc rpward lu Smoitc-PiiK% 



properly used, this grate will rut u sYwg of iishes nud dinkers from 
untler the entire fire with little, if any Inss «>f uiiet nsumed eoal. 

The Firepot. FirejMits are generally maiie of nist in)ii or of steel 
plate lined with fireliriek. The depth ranges from alxiiit 12 to 18 
inches. In east-iron fiirnaet's of the lietter elass, the firef>f)t is made 
ver\* heavy, to insure dtiruhility and to render it less likely to Weome 
red-hot. The firej>ot is sometimes made in two pieces, to reduce the 
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liability to crackin<^. 'Vhv hcatin*^ surface* is soinotiinos iiicn^ased nv 
corrii fixations, pins, or rihs. 

A firebrick lining is ncccvssarv in a wnmght-iron or steel furnace 
to protect the thin shell fn)m the intense heat of the fire. Since brick- 
lined firepots are much less effective than cast-iron in transmitting 
heat, such furnaces depend to a great extent for their efficiency on the 
heating surface in the dom? and radiator; and this, as a rule, is much 
greater than in those of cast in)n. 

Cast-iron furnaces have the advantage when coal is first put on 
(and the drop flues and radiator an* cut out by the direct dam|)er) of 
still giving off heat ^roin the firoj)ot, while in the case of brick linings 
very little heat is given off u: this way, and the r(X)ms are likely to 
become somewhat cooled before the fresh coal becomes thoroughly 
ignited. 

Combustion Chamber. The body of the furnace alnne the fire- 
pot, commonly called the dome or feed sect ton, provides a combustion 
chaml)er. This chamber should be of sufficient size to ]>ermit the 
gases to Ix^come thoroughly mixed with the air passing up through the 
fire or entering through openings provided for the purpose in the feed 
door. In a well-designed furnace, this space should 1k» somewhat 
larger than the firepot. 

Radiator, The radiator, so called, with which all furnaces of 
the better class are provided, acts as a sort of reser\'oir in which the 
gases are kept in contact with the air passing over the furnace until 
they have parted with a considerable portion of their heat. Radiators 
are built of cast iron, of steel plate, or of a combinaticm of the two. 
The fonner is more durable and can be made with fewer joints, but 
owing to the difficulty of casting radiators of large size, steel plate is 
commonly used for the sides. 

The effectiveness of a radiator depends on its form, its heating 
surface, and the difference between the temperature of the gases and 
the surrounding air. Owing to the accumulation of soot, the bottom 
surface becomes practically worthless after the furnace has been in 
use a short time; surfaces, to be effective, must then^fore be self- 
cleaning. 

If the radiator is placed near the bottom of the furnace the gases 
are surrounded by air at the lowest temperature, which renders the 
radiator more effective for a given size than if placed near the top and 



IIEATIXG ANT) VKNTFLATIoN 



25 



siirrtiHiiiltil l»y warm air, C)u tlic tAhvr liaiicl, tlu- roM iiir lius a ten- 
clenev to roiitlenso thr ^^asos, atifl flir aritls thus fnnii«^l are^ likely to 
cornxle the iron. 

Heating Surface, The different heatin^jj surfaces may l»e tie- 
jvcrifietl as follows: Fi repot surface; surfaces aete<I upon by dirf^ct 
rays <»f heat from the fire, such a^ the tlomc or coinljiistioii ehaml>er; 
gas- or smoke-heateil surfaces, such as flues or railiators; and ex- 
temle<l surfaces, such as pins or nhs. Surfaces uulikc in ("haracter 
andlocaticn, vary greatly in heatint^ power, so that, in making com- 
jMirisons of different furnact\s» we mast know the kind, form, and 
location of the heating surfaces, as well as the an*a. 

In some furnaces having an uimsually large amount of surface, 
it w^ill Imj? fount] on inspect ion that a hirge part wouhi soou hectmie 
practically useless from the accumulation cf soot. In others a large 
portion of the surface is lined with firelirick, t)r is so situat4^d that tlie 
air-currents are not likely to strike it. 

The ratio of grate to heatiug surface varies somewliat according 
to the size of furnace. It may he takt n as 1 to 25 in the smaller sizes. 
ari*l I to 13 in ihe hirger. 

Efficiency* One of tlic first items to he detenu iued in es(i- 
uiating the heating capacity of a furnace, is its efficiency — ^that is, 
the proportion of the heat in the coal that may Iw ntiliznl for warming. 
The efficiency de[HMids chieHy on the area of the lieating surface lis 
compaird with tlie grate, (vu lis character and arrang<'mcrit, ant I on 
the rate of combustion. The usual proportions l>etweeu grate and 
heating surface have Ikhmi stated. The rate of crmdiustion retpilrc^l 
to maiiitain a temperature of 70° in the house, depends, of course, 
on the outside temj>erature* In verj' cold weather a rate of 4 to 5 
pouiuls of coal per square foot of grate jw:*r hour must Ik* main- 
taincih 

One j>ouud of good anthracite e<jal wtll give off ahout l.'i,iKH) 
B. T. U-> and a good furnace should utilize 70 per cent of this heat. 
The efficiency of an onliuary furnace is often much les,s, sonu^times 
its low as ')0 per c*c*nt. 

In estimating the rc^pjired size of a first-chts.s furnace with good 
chimney draft, w*e may safely count iip>n a maxtmum comhustion 
<jf T) f><>unds of coal per square fimt of grate per hom\ and may assume 
tliat S,fHX) B, T, l\ will he utilized for warniiug purjxjses fmm each 
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jK^uiid ImnuMl. This ({uaiitity c<)rn'S[X)nils to an efliciency of GO 
[HT ivnt. 

Heating Capacity. Having determinwi the heat loss from a 
building by the methods previously given, it is a simple matter to 
compute the size of grate necessan* to bum a sufficient quantity of 
coal to funiish the amount of heat recjuired for wanning. 

In computing the size of furnace, it is customary to consider the 
whdle house as a single n)om, with four outside walls and a cold attic. 
The heat losses by c(^nduction and leakage are computed, and in- 
creased 10 per cent for the cold attic, and 10 per cent for exposure. 
The heat delivered to th(* various rooms may Ik* considered jls l)eing 
made up of two parts — first, that recpiired to warm the outside air 
up to 70° (the temjxTature of the rooms); and second y the quantity 
which must Ix; added to this to offset the loss by conduction and leak- 
age. Air is usually delivered through the registers at a temptTature 
of 120°, with zero conditions outside, in the lK\st class of residence 

work; so that - of the heat given to the entering air may be con- 

^ . 50 

sidered as making up the first part, mentioncnl above, leaving -^^r- 

available for purely heating purposes. From this it is evident that 

the heat supplied to the entering air must l)e e(|ual to 1 -r- ' =2.4 

times that recjuired to offset the loss by conduction and leakage. 

Example. The loss through the walls and windows of a building is 
found to be 80,000 B. T. V. per hour in zero weather. What will be the size 
of furnace recjuired to maintain an inside temperature of 70 degrees? 

From the above, we have the total heat required, equal to 80,000 

X 2.4 = 192,000 B. T. U. per hour. If we assume that 8,000 B. T. 

U. are utilize<l per pound of coal, then 192,000 -h 8,000 = 24 pounds 

of coal required per hour; and if 5 pounds can be burned on each 

24 
s(iuare foot of grate per hour, then "^ = 4.8 square feet required. 

«) 

A grate 30 inches in diameter has an area of 4.9 square feet, and is the 

size we should use. 

When the outside temperature is taken as 10° below zero, multi- 
ply by 2.0 instead of 2.4; and multiply by 2.S for 20° l>elow. 

Table VII will l>e found useful in detennining the diameter of 
firepot required. 
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TABLE VII 

I'irepot Dimensions 



AVKNAOK DlAllKTEM OF Gk4T1C« IN IffCUKH 
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EXAMPLB5 FOR PRACTICE 

L A lirick iipartiiient house Ls 20 feet wide, iiml has t stories, 
eaeh l>eiii^ 10 feet lit height. The house is tme of a !*l<K'k, and is 
exposed t)nly at the front ami rear. The walls are 111 inrlies thiek, 
iLud the hk>c*k is so shelteri'*! that nu ('t»rrectit>n need he made for 
exposure. Single windows make up i the total cxjjoseci surface* 
Fi^ire ft*r cold attie hut warm ImsenieiU. What area of ^rate surface 
will \yc required for a furnuee to keep th(^ lionsi* at a teiuperatnre of 
70^ when it is W Ih4ow zero outside? Ans. 3.5 stpian- feet. 

2. A house having a furnaa* with a firepot 30 inches in diameter, 
is not snffieiently wanned, and it is ileeiiled to add a s*-eniid furnace 
to he used in eounection with tht^ one already in. I'lie lieat loss from 
the building is found hv romputatiou to be 133,(KK) B. T. {\ pvr liour, 
in zero weatlu-r. What diamt^ter of firepot will be rtM|nirefl for the 
extra furuact^? Ans. 24 iTH*lit's. 

Location of Furnace. A funiaee shonlil be so placed that the 
wann-air pipes will \yv of nearly the same length. Tin* air travels 
most rt^adily thnaigh i>i|M"S U^adiirg tt>ward the sht4terecl side of the 
house and to tl»e npiMT rewuns. Therefi>re pijH*s leading tnwart! the 
north *>r west, or to rocmis on the first titmr, shonhl be favf>red in 
rt^giinl to length and size. 'J'lu* furnuee should Ik* plaee<l somewhat 
to the north or west of th*' centrr of the house, or towanl the points 
of eom|>ass from wliieli the jirevailing winds blow, 

Smoke-Pipes. Knrnaec smoke-pipes range in size from about 
6 inehcs in the sniaHer sizes to S or 9 ifiehes in the lai^^rr ones. They 
are g«*n*Tidly mafic of galvanized inui tjf Xo. 24 gauge or heavier. 
The pi(>e should be earrieil t(» the ehinnu^y as direetly as iK>ssil»le, 
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avoiding bends which increase the resistance and diminish the draft. 
Where a smoke-pipe passes through a partition, it should be pro- 
tected by a soapstone or double-perforated metal collar having a 
diameter at least 8 inches greater than that of the pipe. The top of 
the smoke-pipe should not Ik* placed within 8 inches of unprotected 
lx*ams, nor less than inches under l)eams protected by asl^estos or 
plaster with a metal shield InMieath. A collar to make tight con- 
nection with the chimney should Ik* riveted to the pijK^ ulyout 5 inches 
fnmi the end, to prevent the pijK* being pushe<i tin) far into the flue. 
Where the pipe is of unusual length, it is well to cover it to prevent 
loss of heat and the condensation of smoke. 

Chimney Flues. Chimney flues, if built of brick, should have 
walls S inches in thickness, unless terra-<*otta linings art* useil, when 
only 4 inches of brickwork is re(|uir(»<l. Except in small houses 
where an S by S-inch Hue may be us(h1, the nominal size of the smoke 
flue should be at least 8 by 12-inches, to allow for contractions or oflf- 
sets. A clean-out door should be place<l at the bottom of the flue, 
for removing ashes and soot. A scjuare flue cannot be reckoned at 
its full area, as the corners are of little value. To avoid down drafts, 
the top of the chinuiey must be carried above the highest point of the 
roof unless provided with a suitable hood or top. 

Cold»Air Box. The cold-air box should be large enough to 
supply a volume of air suffici(*nt to fill all the hot-air pipes at the same 
time. If the supply is too small, the distribution is sure to be une(|ual, 
and the cellar will become overheated from lack of air to carry away 
the heat generated. 

If a box is made too small, or is throttled down so that the volume 
of air entering the furnace is not large enough to fill all the pipes, 
it will be found that those leading to the less exposed side of the 
house or to the upper r(K)ms will take the entire supply, and that 
additional air to supply the deficiency will be drawn down through 
registers in hkhus less favorably situated. It is common practic!e 
to make the ixrvii of the cold-air box three-fourths the combined 
area of the hot-air pijK\s. The inlet should be placeil where the 
prevailing cold winds will blow into it; this is commonly on the north 
or west side of the house. If it is placed on the side away from the 
wind, warm air fn)m the furnace is likely to l>e drawn out through 
the cold-tiir Ik)x. 
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Whatever may be the !c»eatic>ii (»f the entrance t(» the eold-air 
box, changes in the direction of the wind may take place which will 
brin^ the inlet on the wrong sicle of the house. To prevent the 

pos.si}»iIity of such changes affecting tlie action of the funiace, the 
eoM-iur Imjx is sometimes extetidefl through the house and left nj>cn 
at Iwth ends, with chet^k-ilampers arraiigefl to |)reveiit baekHlrufts. 
These cliecks should l>e phiced stmie < list a nee frr>m tlie entrance, to 
prevent their IxxHjming cloggtHl with snow or s\vvt. 

The eold-air Imx is generally njade t>f matched hcmrds; but 
galvanized iron is much iM'tter; rt costs more than wood, biif is well 
worth the extra ex[K'nse on accoimt of tightness, which k*'eps the dust 
and ashes from being drawn mUi the furnace casing to br discharged 
through the registers into the rooms above. 

The cold-air inlet sliould br t-uvered with galvaniz«*d wire netting 
with a mesh of at least threr-t^ighths f>f an inc^h. Tlu* frame to which 
it IS attacheil should not 
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be smaller than the in- 
si^le dimensions of ftie 
cold-air l>ox. A door t<» 
admit air from the ct^llar 
to the cold-air box is 
generally provided. As 
a rule, air shoulil be 
taken from this source, 
only when the house is 
temjxirnrily unocciij>ird 
or during high with Is. 

Return Duct, In 
some cases it is ilesiraldr 
to return air to tlic fur- 
nact* from die rooms 
above, to Ije reheated. Ducts for this purpose are common in places 
whert* the winter temperature is frt^piuiidy lx4ow zero, Rrtum 
duets when ustNi, should Ik* in addition to tlie n^gular cold-air 1k>x. 
Fig, U shows a etmimon method uf making llie connwtion between 
the two. By pnipcr adjustment uf tlic swinging <IamiHT, the air can 
lie taken either from out of doors or tlirtajgh tlic register from the 
F<iom alcove. Tlie return register is often platted in the hallway of 



Fig ^. Comiuuu Mi^llioil ot ComiecUug Return Dutt lo 
Cold- Air Btix. 
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a house, so that it will take the cold air which ruhhes in when the 
door is opened and also that which may leak in around it while 
closed. Check-valves or flaps of light gossamer or woolen cloth 
should be placed between the cold-air l>ox and the registers to pre- 
vent back-<lrafts during winds. 

The return duct should not \ye used too freely at the expense of 
outdoor air, and its use is not recommended except during the night 
when air is admitted to the sleeping rooms through open windows. 

Warm-Air Pipes. The n^cjuired size of the warm-air pipe to 
any given room, depends on the heat loss from the n)om and on the 
volume of warm air recjuired to offset this loss. Each cubic foot of 
air warmed from zero to 120 degrees brings into a room 2.2 B. T. U. 
We have already seen that in zero weather, with the air entering the 

registers at 120 (le<:rees, only - of the heat contained in the air is 

available for offsetting tiie losses by radiation and conduction, so that 

f)() 
only 2.2 X ^ = .9 B. T. I . in each cubic foot of entering air can 
J \2() ^ 

be utilized for warming purposes. Therefore, if we divide the com- 
puted heat loss in B. T. V. from a room, by.. 9, it will give the number 
of cubic feet of air at 120 degrees necessary to warm the room in zero 
weather. 

As the outside temperature becomes colder, the quantity of heat 
brought in per cubic foot of air increases; but the proportion avail- 
able for w^arming j>urposes becomes less at nearly the same rate, so 

TABLE VIII 
Warm -Air Pipe Dimensions 
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tbut for al] praclical purposes we may use the figure .9 for all usual 
\ conditions, In culculatiiif^ the size of pijK^ refjuiretl, we may assume 
maximum velocities of 260 and 3S() feet per minute for returns on the 
first and second floors respectively. Knowin)^ the number of tybic 
feet of air per minute to be deliveredj we can divide it In' the velueity, 
which will give us the required area of the ]>i|>e in square feet. 

Round pipes of tin or ^falvanizetl iron arc used for this purpose. 
I Table VIII will be- fountl ust ful in determining the re([uired diameters 
of pipe in ioches. 

Example. The heat km« from a room on the tiCfoiKl Hoor in IS, 000 IV 
1\ U, per hour What iliiinieter of warni-air pipts will he refiuirrd? 

:S,OlK} -^ ,9 = 2t),0()(} = cubic fei^t of air re<|uired per hour. 
20,0U0 -r- CjO = 333 j>er minute. Assuming a velocity of 3.S0 feel 
piT minute, we have 333 -4- 3^S(J - .S7 scjuare foot, which is the 
area of pipe refjuireth Referrinf]^ to Table VIII. we find this comes 
W^tween a 12-ineh and a 13-tnch pipe, and the larger size would 
probably lye chosen. 

EXAMPLES FOR PRACTICE 

1. A first-floor nmrn has a computed loss of 27,(HM) B. T. U* 
per hour when it is l(P Mow zero. The air for warmiti)^ Is to enter 
through two pipes of crjiial size, ami at a temperature of 120 decrees. 
What will Ik' the re<[uired diameter of the pipes? 

Axs. 14 inches. 

2. If in the aixwe exunipU* the room hati been on the second 
lloor, and the air was to be delivered through a sin<(le pli)t% what 
diameter would \ye re<juire*Iy 

A\s, IfMiiches. 

Since lon^^ horizontal runs of pi]jc increase the resistance antl 
loss of heat, they slinuld not in general l)t* over 12 or 14 feet in length. 
This applies especially to pipes leading to rooms on the first Hoor, 
or to those on the cold si<le of the liouse. Pipes of excessive length 
should l>e inereaseil in size because of the a<ltle<l resistance. 

Figs. 10 and 11 show comuiua methods of running the pipes in 
the basement. The first gives the best results, and should be used 
wliere the basement is of sufficient Insight to allow it. A damper 
should be j>lac*'d in each pipe near the furnace, for regulating the How 
of air to the diflVrent nmnis, or fur shutting it ofTentirelv when desired. 
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While round pipe risers give the best results, it is not always 
possible to provide a sufficient space for them, and flat or oval pipes 
are substituted. When vertical pipes must be placed in single par- 
titions, much better results will be obtained if the studding can be 





Fig. 10. FiK. 11. 

Common Methoils of Running Hot- Air Pipes in Basement. Method Shown in Fig. 10 
Is Preferable where Feasible. 

made 5 or inches deep instead of 4 as is usually done. Flues should 
never in any case be made less than 3\ inches in depth. Each room 
should be heated by a separate pipe*. In some cases, however, it is 
allowable to run a single riser to heat two unimportant rooms on an 
upper floor. A clear space of at least \ inch should be left between 
the risers and studs, and the latter should be carefully tinned, and the 

TABLE IX 
Dimensions of Oval Pipes 
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space between them on both sides covered with tin, asbestos, or wire 
lath. 

Table IX gives the capacity of oval pipes. A 6-inch pipe ovaled 
to 5 means that a 6-inch pipe has been flattened out to a thickness of 
5 inches, and column 2 gives the resulting area. 

Having determined the size of round pipe required, an equiva- 
lent oval pipe can be selected from the table to suit the space available. 

Register^. The registers which control the supply of warm 
air to the rooms, generally have a net area etjual to two-thinls of their 
gross area. The net area should be fn)m 10 to 20 per cent greater 
than the area of the pipe connected with it. It is common practice 
to use registers having the short dimensions w|ual to, and fhe long 
dimensions about one-half greater than, the diameter of the pipe. 
This would give standard sizes for different diameters of pijH*, as 
listi-d in Table X. * 

TABLE X 
Sizes of Registers for Different Sizes of Pipes 
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Combination Systems. A eombination .system for heating by 
hot air and hot water consists of an ordinary furnace with some form 
of surface for heating water, placed either in contact with the fire or 
suspended above it. Fig. 12 shows a common arrangement where 
part of the heating surface forms a portion of the lining to tlie firepot 
and the remainder is above the fire. 

Care must be taken to proportion properly the work to be done 
by the air and the water; else one will operate at the expense of the 
other. One square foot of heating surface in*contact with tlie fire is 
capable of supplying from 40 to 50 s(juare feet of radiating surface, 



ly n nii>rr vvvn tcmjxTatim' may Ik* miiintainetl, less attention is 
rtHjuire*!, ami no iiiuro vtml is hurntHl than when IIr* pot is only partly 
filled. In mild weather the mistake is frequently made of earrying a 
thill fire, which rtM|uires frefjiient attention and is likely to die out. 
Instead, to ditninisli the temperature in the house, keep the firepot 
full and allow ashes to accumulate on the grate (not under it) by shak- 
ing less fretpiently or less vigorously. The ashes will hold the heat 
and render it an easy matter to maintain and c(»ntrol the fire. When 
feciiing coal on a low fire, open the drafts and neither rake nor shake 
the fire till the twsh coal becomes ignited. The air supply to the fire 
is of the greatest importance. An insufficient amount results in incom- 
plete combustion anti a great loss of heat. To secure pmper combus- 
tion » the fire should he etjut rolled priiieipidly by means of the ash-pit 
through the ash-pit door or slide. 

The smoke-pipe damper should be openefl only enough to carry 
off the gas or smoke and to give the necessary draft. The openings 
in the feed door act as a check on the fire, and should be kept closed 
during cold weather, except just after firino;, when with a good draft 
they may be partly ojiene^l to increase the air-supply and promote the 
proper combustion of the gases. 

Keep the ash-pit clear to avoid warping or melting the grate. 
The eold-air box should he kept wide open except during winds or 
when the fire is low. At such times it may be partly, Ijot never com- 
pletely closed. Too much strt\ss cannot he laiil on the Importance 
of a sufficient air-snp[)ly to the furnace. It costs little if any more 
to maintam a comfortable temperature in the house night and tlay 
than to allow the rooms to become so cold during the night that tlie 
fire must be forccil in the morning to warm them up to a comfortable 
temperature. 

In case the warm air fails at times to reach certain rooms, it 
may be forced into them by temporarily closing the registers in other 
rooms. The current once estalilished will generally continue after 
the other registers have been opened. 

It is best to bum as hard coal as the draft will warrant. Egg 
size is better than larger coal, since f*>r a given weight small lumps 
expose more surface and ignite more quickly than larger ones. The 
furnace anti smoke-pipe should l*e thoroughly cleaned once a year. 
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This should ho (h)ne just after the fire has been allowed to go out in 
the spring. 

STEAM BOILERS 

Types. The boilers uscmI for heating are the same as have already 
been described for power work. In addition there is the cast-iron 
sectional boiler, used almost exclusively for dwelling-houses. 

Tubular Boilers. Tubular boilers are largely used for heating 
purposes, and are adapted to all classes of buildings except dwelling- 
hous(»s an<l the special cases mentioned later, for which sectional 
lM)ilers are proferabh*. A hoiirr horse-pmrer has I)een defined as the 
evaporation of *M\ poun<ls of water from and at a temperature of 212 
degrees, and in doing this 33,317 B. T. IT. are absorl)ed, which are 
again given out when the steam is condensed in the radiators. Hence 
to find the boiler II. P. required for warming any given building, we 
have only to compute the heat loss per hour by the methods already 
given, and <livide the result by 33,330. It is more common to divide 
by the innnber 33,(MH), which gives a slightly larger boiler and is on 
the side of safety. 

The commercial horse-power of a well-designed boiler is based 
upon its h(Niting surfac(»; and for the best economy in heating work, 
it should be so proportioned as to have alnnit 1 square foot heating of 
surface for each 2 pounds of water to be evaporated from and at 212 
degrees F. This gives 34.5 -h 2 = 17.2 square feet of heating surface 
per horse-power, which is generally taken as 1 5 in practice. Makers of 
tubular l^oilers commonly rate them ou a basis of 12 square feet of heat- 
ing surface per horse-power. This is a safe figure under the conditions 
of power work, where skilled firemen are employed and where more 
care is taken to k(»ep the heating surfaces free from soot and ashes. 
For heating plants, however, it is better to rate the boilers upon 15 
s(|uare feet per horse-i)owcr as stated alK)ve. 

There is some difference of opinion as to the proper method of 
computing the heating surface of tubular boilers. In general, all 
surface is taken which is exposed to the hot gases on one side and to 
the water on the other. A safe nile, and the one by which Table 
XII is computed, is to take J the area of the shell, 5 of the rear head, 
less the tube area, and the interior surface of all the tul)es. 

The required amount of grate area, and the proper ratio of heat- 
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ing surface to grate area, vary a good deal, depending on the character 
of the fuel and on the chimney draft. Ry assinning the probable 
rates of combustion and evaporation, we may compute the required 
grate area for any lK)iler from the formula : 

_ 11. P. X 34.5 
/•; X C 
in which 

S = Total grate area, in scjuare feet; 

E = Pounds of water evaporated per pound of coal; 

C = Pounds of coal burned per square foot of grate per hour. 

Table XI gives the apj)roximate grate area per II. P. for different 
rates of evaporation and combu.stion as computcHl by the above 
equation. 

TABLE XI 
Grate Area per Horse-Power for Different Rates of Evaporation and 

Combustion 



Pounds op Stkam pkr 
PousD OF Coal 


PouNo.s OF Coal Btrnkd per Squark 


Fix>T OF Gratk per Hour 


8 Ibci. 1 lO lb». 


I^er 


1 \l lb*. 




Square Fc?et of Cirato Surface 


Horse- Power 


10 


.13 .35 


.28 


9 


. .48 .38 




.32 


8 


.51 .43 
(VJ .10 
.72 .58 





.30 


7 


.41 


6 


.-18 



For example, with an evaporation of 8 pounds of steam per pound of 
coal, and a combustion of 10 pounds of coal per s^iuare foot of grate, .43 of a 
square foot of grate surface per II. P. would be called for. 

The ratio of heating to grate surface in this type of boiler ranges 
from 30 to 40, and therefore allows under ordinary conditions a com- 
bustion of from 8 to 10 pounds of coal per scjuare foot of grate. This 
is easily obtained with a good chimney draft and careful firing. The 
larger the boiler, the more important the plant usually, and the greater 
the care bestowed upon it, so that we may generally count on a higher 
rate of combustion and a greater efficiency as the size of the boiler 
increases. Table XII will be found verj^ useful in determining 
the size of boiler required under different conditions. The grate 
area is computed for an evaj)oration of 8 pounds of water per pound 
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TABLE XII 



l)l\MKTER 

OF Shell 
IN In<'hkb 



Vi'MniR DiAMETKR LeNOTH 

o,T«»"»i"''7'r»K»|orTr»KH 



IN Inchkb 



80 



m 



48 



54 



60 



6« 



28 



M 



M 



44 



54 



40 



04 



90 



02 
114 

98 

72 






8 



78 I .'{^ 

i 



4 
4 



N FkKT 


7 
8 
9 
10 

8 

9 
10 
11 
12 

9 
10 
11 
12 
18 
14 

10 
11 
12 
18 
14 
lo 
10 

11 
12 
18 
14 
lo 
16 
17 

12 
18 
14 
1") 
10 
17 
18 

14 
lo 
16 
17 
18 
19 
20 

14 
15 
10 
17 
18 
19 
20 



HORHK- 
POWKK 



: , I _ ! Size or 
SiZK OF j Size of Smokk- 
(iRATK IN 1 Uptake ' 

I N f'H F.8 1 N 1 sen E» ; 



PIPE IN 

Sg. In 



8.0 


24 X 86 


10 x 14 


140 


9.9 


24 X 80 


10x14 


140 


11.2 


24 X 80 


10x14 


140 


12.0 


24 X 42 


10x14 


140 


14.0 


24 X 42 


10x14 


140 


18.6 


80 X 86 


10x16 


160 


lo.8 


30 X 42 


10x18 


180 


16.9 


30 X 42 


10x18 


180 


18.0 


80 X 48 


10x20 


200 


20.9 


;50 X 48 


10x20 


200 


18.5 


8(i X 42 


10x20 


200 


20. o 


86 X 42 


10x20 


200 


22.0 


80 X 48 


10x26 


2.50 


24. o 


80 X 48 


10x25 


250 


20. o 


80 X 48 


10x28 


280 


28. o 


8fi X 54 


10x28 


2S0 


80.4 


42x48 


10x28 


280 


88.2 


42x48 


10x28 


280 


85.7 


42 X 54 


10 X 82 


820 


88.8 


42 xM 


10 X 32 


820 


4i).H 


42 X 00 


10 X 36 


800 


48.4 


42 X 00 


10 X 80 


860 


45.9 


42 X 00 


10x30 


860 


84.0 


48 X 54 


10x38 


380 


87.7 


48 X 54 


10 X 38 


:^) 


40.8 


48 X 54 


10 X HS 


880 


48.9 


48 X 54 


10x88 


880 


47. () 


48 X 00 


10 X 40 


400 


50.1 


48 X 00 


10x40 


400 


58.0 


48x00 


10 X 40 


400 


48.4 


54 X 00 


12 X 40 


460 


52.4 


54 X 00 


12x40 


4(>0 


56.4 


54 X 00 


12x40 


460 


60.4 


54 X 00 


12 x 42 


500 


64.4 


64 X 66 


12x42 


500 


71 4 


54 X 72 


12x48 


550 


75.0 


54 X 72 


12x48 


550 


70.1 


(K) X 66 


12x48 


500 


75.0 


m X 72 


12x62 


620 


80.0 


m X 72 


12x62 


620 


8<>.0 


60x78 


12x56 


670 


91.1 


()0x78 


12x66 


670 


96.2 


60x78 


12x66 


670 


98.1 


60x78 


12x56 


670 


87.4 


66x72 


12x66 


670 


93.6 


66x72 


12x66 


670 


99.7 


66 x78 


12x62 


740 


106.4 


66x78 


12x62 


740 


112.0 


66x84 


12x66 


790 


118.8 


66x84 


12x66 


790 


107.3 


66x84 


12x66 


790 



of coali which ciirresp>n<Is to ati eRicioncv of about 60 per cent, ancl 
is about tlie average obtained in practice for lieatiiifjj boilers. 

The areas of uptake and smoke-pipe are figured on a basis of 
1 scjoare foot to 7 squan^ feet of grate surface, and the results given 
in roun<! numbers. In the smaller sizes the rehitive size of smoke- 
pipe is greater. Tlie rate of comlnistion runs from pounds in tlie 
smaller sizes to 1 1 \ in the larger. Boilers of the proportions given 
in the table, correspoml well with thos(^ us^^cl in actual practice, and 
may be relitMl u{K)n to give good results under all ordinary conditions. 

IVaier-fube boilers are often usc^tl for heating purposes, but more 
espetnally in connection with power plants. The method of vom- 
puting the rcrjuired IL P. is the same as for tubular boilers. 

Sectional Boilers* Fig. 13 shows a common fonn of cast-iron 
boiler. It is made up of slabs or sections, each one of which is con- 
necte<l by nipples with headers at the sides am! top. 'Vhv top header 
acts as a steam drum, and the lower ones act as mud drums; they also 
receive the water of condensation from the radiators. The gases 
from the fire pass backw^ard and forwar^l thmugh flues and are finally 
taken off at the rear of the boiler. 

Another common form of sectional boiler is shown in Fig. 14. 
It is made up of sections which increa.se the length like the one just 
described. These boilers have no drum connecting with the sections; 
but instead, each section connects with tlie adjacent one through 
oj>ening3 at the top and l>ottom» as shown. 

The ratio of heating to grate surface in boilers of this tyj>e ranges 
from 15 to 25 in the best makes. They are pnivifled with the usual 
attachments, such as pressure-gauge, water-glass, gauge-cocks, and 
safety-valve; a low-pressure damper regulator is furnished for operat- 
ing the draft doors, thus keeping the steam pressure practically con- 
stant. A pressure of from 1 to 5 pfjun<ls is usually carried on these 
boilers, de|jending upon the outside tem|jerature. The usual setting 
is simply a covering of some kind of non-conducting material like 
phustie magnesia or asbestos, although some forms ar«^ enclosed in 
light brickwork. 

In computing the required size, we may proceed in the same 
manner as in the case of a furnace. For the best types of house- 
heating ^Mlilers, we may assume a combustion of 5 pounds of coal per 
stjuare f(M>t of grate per hour, and an average efficiency of CK) j>er cent. 
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which corresponds to S,000 B. T. U. per pound of coal, available for 
useful work. 

In the c{tse of direct-steam heating, W(» have only to supply heat 
to offset that lost by radiation and conduction; so that the grate ares 
may be found by dividing the computed heat loss per hour by 8,000, 
which gives the number of pounds of coal; and this in turn, divided 
by 5, will give the area of grate required. The most efficient rate of 




Pig. 13. (Common Tyin? of Cast Iron Sectional Boilor. Note Headers at Sides and Top 

Acting as Urnms. 



combustion will depend somewhat upon the ratio between the grate 
and heating surface. It has been found by experience that about \ 
of a jx)und of coal per hour for each square foot of heating surface 
gives the best results; so that, by knowing the ratio of heating surface 
to grate area for any make of heater, we can easily compute the most 
efficient rate of combustion, and from it determine the necessary grate 
area. 
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Forexamplct su|j]>(»si' thv heat l<»ss from ii liinldiu<^ to br 4S0,(MM) 
B. T- U. {KT hour, ami that wv wish to tise a htniter in wliich thr nitii> 
ijf lieatint^ surface to grate area is 24. What will l»r the iri{*st efticient 
rate of c^jmhustiuii anti the re<|uiret] 
gnite anui? 4S0JKX) -^ S.OOtl - ()() 
pounds nf coal per liour, and 24 -^ 4 
= G, which is thi* \wsi rate uf com- 
bust ion in employ; therefore tjO -^ ri 
= It), the j^rate area rei|uire*L 

There an* many rliffereut flesi^ns 
of cast-in»n lM»ilers for low-pjvssure 
steam and hot-water heating. In ^vu- 
eral, ixiili^i-s having a drum ronueettNl 
by nipples with t*a<*h section gnr 
dryer steam and hold a stetidier watcr- 
Hne than the second form, especially 
when forced above their normal ca- 
pacity. Tlie steam, in passing throngti 
the ojjenm^s r)etvveen successive sec^ courUny of Amtri*i%u nmuninr v». 
tions in onler to reach the outlet, 

is apt to carr}^ with it more or I€\hs water, and to choke the openings, 
thus profbicino; an uneven pressure in different |>arts of the Innler. 

In the case of hot -water Iw>ilers this object ion disappears. 

In order to adapt this typ<' of boiler to steam work, the opening 
between the sections shouhl be of good size» witli an ample steam 
space above the water-line; aufl the nozzles for tlie discharge of steam 
shoidd be located at fret|uent intervals. 



Flf. IC Another Type of Sectlnnal 
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EXAMPLES FOR PRACTICE 



1. The heat lass from a building is 240;04X) B. 1\ U, per hour, 
and the ratio of heating to grjite area in the heatrr to be usetl is 20. 
What will Ik* the i^eqiuTcd grate area? Axs. h(|. ft. 

2. The heat loss frmn a building is lt;s,(M)0 B. T, U, per lieurr, anrl 
tlu* ehimiU'V ilrafl is such that not itver »•? jmmukIs of et»al ]>er lu>nr fan 
lie liurned per stpiare f<K»t of grate. What ratio of heating to grate 
area will br necessary, and what will be the recpiired grate area? 

Ans* Ratio, 12. Grate area, 7 sq. ft. 
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Cast-iron sectional boilers are used for dwelling-houses, small 
schoolhouses, churches, etc., where low pressures are carried. They 
are increased in size by adding more slabs or sections. After a certain 
length is reached, the rear sections become less and less efficient, thus 
limiting the size and power. 

Horse-Power for Ventilation. We already know that one 
B. T. U. will raise the temperature of 1 cubic foot of air 55 degrees, 
or it will raise 100 cubic feet yiif of 55 degrees, or ^Vo of 1 degree; 
therefore, to raise 100 cubic feet 1 degree, it will take 1 -r- ^^jy, or -'jY 
B. T. U.; and to raise 100 cubic feet through 100 degrees, it will take 
^gV X 100 B. T. V. In other words, the B. T. U. required to raise 
any given volume of air through any number of degrees in tempera- 

ture, is ecpial to 

Volume of air in cubic ft. X Degrees raise(i 
55 
Examph. How many B. T. U. are required to raise 100,000 
cubic feet of air 70 degrees? 

10 0,000 X 70 _ j27,272 4- 
55 
To compute the H. P. required for the ventilation of a building, 
we multiply the total air-supply, in cubic feet per hour, by the number 
of degrees through which it is to be raised, and divide the result by 55. 
This gives the B. T. U. per hour, which, divided by 33,000, will give 
the H. P. required. In using this rule, always take the air-supply in 
cubic feet per hour, 

EXAMPLES FOR PRACTICE 

1. The heat loss from a building is 1,650,000 B. T. U. per hour. 
There is to be an air-supply of 1,500,000 cubic feet per hour, raised 
through 70 degrees. What is the total boiler H. P. required? 

Ans. 108. 

2. A high school has 10 classrooms, each occupied by 50 pupils. 
Air is to be delivered to the rooms at a temperature of 70 degrees. 
What will be the total H. P. required to heat and ventilate the building 
when it is 10 degrees below zero, if the heat loss through walls and 
windows is 1,320,000 B. T. U. per hour? Ans. 106 +. 

DIRECT-STEAM HEATING 

A system of direct-steam heating consists (1) of a furnace and 



HEATING AND VENTILATIOX 



43 



Ijoiler fur the combustion of fuel ami the generation of .steHiu; (2) a 
system of pipes for eonvt»yint^ the steam to the radiators and for 
retuniing the water of condensation to the boiler; and (3) rudiiilors 
or c*oils placed in the rooms for diffusing the heat. 

Various t)7>es of boilers are usetl, depeniling uptin the size and 
kind of Innlding to be warmecL Some form of cast-iron sectional 
lK)iler is commonly used for dwelling-houses, while the tubular or 
%vater-tulje Ijoiler is more usually ernploye<l in larger Iniildings. 
Where the Iniiler is used for heating purposes only, a low ste«rn-pres^ 
sure of fnjm 2 to 10 jKiunds is carried, and the condensation (lows 
back by gravity to the boiler, which is placed Ix'low the lowest radiator. 
When, for any reasoTi, a htglier 
pR'ssure is retjuirt^b the steam for 
the heating system is made to 
pass thnnigh a retlucing valve, 
ant I the condensation is returned 
to the lx>iler by means of a pump 
(»r retiini trap. 

Types of Radiating: Surface. 
The ratliation used in direct -steam 
heating is made up of cast-iron 
rafliators of various forms, pipe 
Rwliators, and cirenlation coils. 

Cast- Iron Radiators. The 
general form of a cast-in wi stx*- 
tioiial radiator is shown in Fig. 
15. Radiators of tins type are 
made up of sectitins. the number 

depending ujM>n the amount of heating surface retjuiniL Fig. Hi 
shows an intermediate secti*>n of a racliatt>r of this ty]>e. 
It is simply a loop with inlet and outlet at the iMiHom. The 
end sec*tions are the same, except that they have legs, as shown in 
Fig, 17. These sections arc connectt^I at the Inittom by speciid 
nipples, so that steam entering at the end fills the bottom of the 
radiator, and, being lighter than the air, rises through the loops and 
forces the nlr downward and timard the further end, where it is dis- 
I charged thnnigh an air-valve jilace<l alwrut midway of the hist section. 
'J'here are many difTen*tit designs varying in height and widths to 




Fig, 15. rimiiiniQ Tyi*e o? Uas.1 UoU 



Sectional 1 



Liiatur, 
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For small railiators, it is better praeticc t<i use lower sections ami 
increase the length; this makes the railiator sli^litly more elht^ient 
and gives a much l>etter ap[>earaiire. 

To get the best results from wall rarliator.s. they .shoulil be set 
out at least U inches frorn the wall to allow a free eircylation of air 
back of them. Patterns having cross-bars slunilfl lie placed, if 
possible, with the bars in a vertical p>sition, a,s their efficiency is 
impain-il somewhat when phieed horizontally. 

Pipe Radiators, This type of radiator (sec Fig. 19} is made up of 
wrf)uglit-iron pipes 
screwed into a cast- 
in ui base. The 
pijK»8 are eithercon- 
nected in pairs at 
the top by return 
bends, or each sep- 
arate tube has a 
thin metal dia- 
phrai^n pa.ssing up 
the center nearly to 
the top. It is nec- 
essary that a loop 
Ih* formed, else a 
**dead end" would 
occur. This would 
become filled with 
air and prevent 
steam from enter- 
ing, thus causing portions of the radiator to remain eolti. 

Circulation Coils. These are usually ina<le u|j of 1 or 1 J-ineh 
wroui^ht-iron pipe, and may be hun^ on the walls of a mom by means 
of hook plates, or suspended overhead on hangers am! rolls. 

Fig. 20 shows a common form for schoolhouse and similar work; 
this coil i;^ usiudly made of 1 J-ineh pipe screwed into ktadent or 
branch Urn at fhe ends, and is hung on the wall just lielciw (he windows. 
This is know^n as a hrmwh coil. Fig, 21 shows a tromhanr mil, which 
is commonly used when the pipes cannot turn a corner, and where 
the entire coil must be placed upon one side of the rfK»m. Fig. 22 
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J8 caliwi a 7n!icr mil, aiul is usvtl imtier the same conditions as a trom- 
bont' c*oil if there is n>firn hn the vertical pjrtion. This form h not 
so pleasing in appearance as either of the other two, and is found only 
in factories or shops, where looks are of minor imjxjrtance. 



Fig. so. Common Fittiu of **Braoch" Coil for ClrouiAtlou of Direct Ste»m. 

Overhea*! ctJiLsan* usiiallv of the miter form, laid on the side and 
suspended about a foot from the ceilintrj they are less efficient than 
when placed nearer the floor, as the warm air stays at the ceiling and 
the lower part of the rrmm is likely to remain cokL They are usetl 



Hg. 81. ♦*Trouib<Jue' ' Coll. Used wliere Entire Coll must I* Placed on One Side t f Ro<Ni|i 

only when wall Cf>ils or mdiators would he in the w^ay *>f fixtures, or 
w^hen thvy would cnme l>elow the water-line of the Vioiler if placecJ 
near the titmr. 

When steam Is first turned tm a coil, it usually passes through a j 



Fig. 2X. »*Mlier" Coll. Adai>te<l. likf^ the ' Trnmi»nue-*' Only to a Single Wall- 
Fre^iiipntly Used iu Faclurlf s una Shuijs. 

portion of llie pipes first and heats them while the others remain cold 
and full nf air. ^Fherefore the coil must always be made up in such 
a way that each pipt* shall have a certain amount of spring and may 
expand independently without bringing undue strains u|K>n the others. 
Circulation coils slioukl ineline alxnit 1 inch in 2f) feet towant the 
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return end in oirler io secure proper drainage nud tjiiietiiess of opera- 
tion. 

Efficiency of Radiators. The efficiency of a racJiaior — that is, 
the B. T. U. which it giws ufF per square fi*ot i*i .surface per hour — 
depends upon the difference in temperature !K»tween the steam in the 
radiator and the surrounding air, the Velocity of the air over the 
radiator, and the tjuality of the surface, whether smootli or rough. 
In ordinary low-pressure heating, the first condition is practically 
constant; hut tlie second varies somewhat with the pattern of the 
radiator. An open design which allows the air to circuhUc fret^y 
over the ra<hating surfaces, is more efficient than a cIoslmI pattern, 
and for this reason a pipe coil is more efficient than a ratliator. 

In a large number of tests of cast-iron and pipe rafliattjrs, working 
under usual conditions, the heat given off per square foot of surface 
per hour for each degree difference in temperature between the steam 
and surn>uoding air was found to average about 1 .7 B. T* V, The 
tem[)erature of steam at 3 pounds' pressure is 22t) degrees, and 220—70 
^150, which may be taken as the average differtmce between the 
tc^mpiTature of the steam and the air of tlie room, in onlinary low- 
pressure work. Taking the alxjve resuHs, we liave 150 X 1-7 = 255 
B. T. U» as the efficiency of an average cast-iron or pipe rath'ator. 
This, for convenient use, may be taken as 250. A circulation ct)il 
made up of pipes from 1 to 2 inches in diameter, will easily give off 
30ti B. T. U. under the same conditions; and a cast-iron wall radiator 
with ample space back of it should have an efficiency ef|ua! to that 
of a wall coil. While overhead coils have a higher efficiency than 
cast-in>n radiators, llieir positi*>n near the ceiling reduces their effec- 
tiveness, so that in practice the efficiency should not Ijc taken over 
250 B. T. r. [jer hour at the most. Tabulating the above we have: 



u 



TABLE XIIJ 
Efficiency of Radiators, Coifs, etc* 



Ttfk or KADt4TiNa Surfack 



Cast -Iron Sectional fintl Pipe Radiators 
Wall Radiator?? 
fVilinp Coils 
Wall Coils 



PKR HoiViC 



250 

:^oo 
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B.T.U. 
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If the radiator is for warming a room which is to be kept at a 
temperature above or below 70 degrees, or if the steam pressure is 
greater than 3 pounds, the radiating surface may be changed in the 
same proportion as the difference in temperature between the steam 
and the air. 

For example, if a room is to be kept at a temperature of (30®, the 
efficiency of the radiator l)ecomes } ^ J X 250 = 268 ; that is, the 
efficiency varies directly as the difference in temperature between the 
steam and the air of the room. It is not customary to consider this 
unless the steam pressure should be raiswl to 10 or 15 pounds or the 
temperature of the rooms chang(Hl 15 or 20 degrees from the normal. 

Fn)m the al)ove it is ea.sy to compute the size of radiator for any 
given room. First compute th(» heat loss per hour by conduction and 
leakage in the coldest weatluT; then divide the result by the effi- 
ciency of the type of radiator to be us(h1. It is customary to make the 
radiators of such size that they will warm the rooms to 70 degrees in 
the coldest weather. As the low-temperature limit varies a good deal 
in different localities, even in the same State, the lowest temperature 
for which we wish to provide must be settled upon before any calcu- 
lations are made. In New Flngland and through the Middle and 
^Vestern States, it is usual to figure on warming a l)uilding to 70 
degrees when the outside temperature is from zero to 10 degrees 
below. 

The different makers of radiators pul)lish in their catalogues, 
tables giving the scjuare feet of heating surface for different styles and 
heights, and these can be used in determining the number of sections 
reciuired for all special cases. 

If pipe coils are to be usal, it becomes nec(\ssary to rcxluce s({uare 
feet of heating surface* to linear feet of pipe; this can be done by means 
of the factors given l)elow. 



S(iuare fcot uf heating surface X " 



3 -= linear ft. of 1 -in. pipe 

2.;? - '' " IJ-in. " 

2 = " " li-in. " 

1.6 = " "2 -in. " 



The size of radiator is made only sufficient to keep the room 
warm after it is once heated ; and no allowance Ls made for warming 
up; that is, the heat given off by the radiator is just ecjual to that lost 
through walls and windows. This condition is offset in two ways — 



HEATING AND VENTILATION 



fir:fU when the nKini is citlil, tlu: diHVreiKr \n iemperalure hetwei^n 
the steam ami Che air of the room is grtniter, antl the radiator is more 
etticieat; and itecond, tUv nuVmUiV is pn>portioned for the coldest 
weather, so that for a greater part of the time It is larger than neees- 

EXAMPLES FOR PRACTICE 

1 . Thi' heat loss from a room is 25,<KM) B* T. U. per hour in 
the coldest weather. What size of dirt*ct radiator will Ik* ret|itin^? 

A\s. lOU stjiiare feet. 

2. A sehoolnnmi is to he warmed with eireulution etiils of l|- 
inch pipe. The heat loss is m.iMK) B. T. U. per hour. What len^'tli 
of pipe will he n^|tunHl? Ans. 2H0 linear feet. 

Location of Radiators. Railiat<rrs shouU!, if possif>h\ he placed 
ill the aildest part of the room, jls under wiiulows or near outside 
doors. In living rot mis it is often desiral>Ie to keep the wiud<nvs free, 
in which case the radiators may l>e placetl at one side. Circulation 
coils are nui along the outside walls of a rf>ora under the w^imlows. 
Sometimes the position of the radiators is decided by the necessary 
location of the pipe risers, so that a certain amount of jud^jjment must 
|je useil in each special ease as in the best arrangemeiit in suit all 
rtHpiirements. 

Systems of Piping, There are three distinct systems of pipinj^% 
known Jis the ftett^pfpc sifaicm, the onr-prpr relief .Htfstvm, and thi^ onr^ 
pipe circuit ,'itf.st('m, with various ino<liKcatious of each and eomhina- 
tions of the *iift'erent systems. 

Fi^', 23 shows the arnmgeinent of pijjtn*; and radiators in the 
two-pipe system. Ttie steam main leads from the top of ftie hoiler, 
and the branches are carritxl along near the basement ceiling. Risers 
are taken from the supply branches, and carrietl up ti) the rafliatr>rs 
on the ditfcrent Honrs; and return pij>es are bnnight down (u the 
return mains, whicit should he phjcwi near the hiLsemerit Hoor [jelow 
tlic water-line of the lMiil<4\ Where the building is more than two 
stories high, radiators in similar positions on flilferent floors are eon- 
neetetl with the same riser* which may run to the highest floor; and a 
eorresponding return ilrop connecting with (^aeli radiator is carrier! 
down l>eside (he riser to tlu* hastnient. A systemi in which the main 
horizontal returns arc l>rli>w the water-line of the f>oili*r is said tti 



50 



HEATING AND VENTILATION 



have a wet or seaUd return. If the returns are overhead and above the 
water-line, it is called a dry return, ^^^lere the steam is exposed to 
extended surfaces of water, as in overhead returns, where the con- 
densation partially fills the pipes, there is likely to be cracking or 
water-hammer, due to the sudden condensation of the steam as it 
comes in contact with the cooler water. This is especially noticeable 
when steam is first turned into cold pipes and radiators, and the con- 
densation is excessive. When dry returns are used, the pipes should 
be large and have a good pitch toward the boiler. 

In the case of sealed returns, the onlv contact between the steam 




Fig. 23. Arrangement of Piping and Radiators In "Two-Pipe" System. 



and standing water is in the vertical returns, where the exposed sur- 
faces are very small (being efjual to the sectional area of the pipes), 
and trouble from water-hammer is practically done away with. Dry 
returns should be given an incline of at least 1 inch in 10 feet, while 
for wet returns 1 inch in 20 or even 40 feet is ample. The ends of all 
steam mains and branches should be dripped into the returns. If the 
return is sealed, the drip may be directly connected as shown in Fig. 
24; but if it is dry, the connection should be pn)videdwith a siphon 
loop as indicated in Fig. 25. The loop becomes filled with water, 
and prevents steam fmm flowing directly into the return. As the 
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Fl>f* 24- imp Irom Steam MaJn Connwiwi Dlnnaiy 
lo Sealed Re mm. 



comk'nsation collrcts in the loop, it ovtTflow.s into the return pipe and 
is earrit*il away. The return pijie.s in tliis ease are of course filUd with 
steam above the water; hut it is steam which has passed through 
the radiators and their return cx>nneetions, and is therefore at a 
slightly lower pressure; st^mtr. Ma.^ 

' so that, if steam were a* I- 1^ , 

uiitted directly from the 
main, it would tend to 
ht>l(l I jack the water in 
more distant returns and 
cause surging and crack- 
ing in the pipes. Some- 
times the Ifoiler is at a 
lower level than the basement in which the returns are run, and it then 
l»eeomes necessary to establish a fahe water-line. This is done hy 
making connections as shown in Fi^. 20, 

It is readily seen that the return water, in order to reach the 
'^ boiler, must f]ow through the trap, which raises the water-line or 
seal to the level shown l>y the dotted line. The balance pipe is to 
eriuah7.e the pressure above and IjcIow the water in the trap, and 
prevent siphonic action, which would tend to drain the water out of 
the rt^uni mains after a flow was once startefl. 

The Indancc pipe, when possible, should be 15 or 2() feet in 
length, with a tJirotlle-vahv phiced near its connection with the 

main. This valve 
should l>e openetl just 
enough to allow the 
steam-pressure to act 
upon the air which oc- 
cupies the space al>ove 
the water in the trap; 
but it should not l>e 
opened sufficiently to 
allow the steam to 
enter in large volume and drive the air out. The success of this 
arrangement rlepends upon keeping a layer or cushion of ctjol air 
next to the surface of the water in the trap, and this is easily done 
by following the method here described. 



_ Si0a>v>_ 



Rftt-ur^ 



SlpTlO^ 



•^ 



fig. 8$. Vne of Siphon In Ci^nnei'i lug Drip from Steam 
Main Ui a *'Dry" Keturo. 
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One-Pipe Relief System. In this sy.stciii of piping, the radiators 
have but a single connwtion, the steam flowing in and the condensa- 
tion draining out through the same pipe. Fig. 27 shows the method 
of running the pipes for this system. The steam main, as before, 
k»ads from the top of the boiler, and is earrieil to as high a \x)\ni as the 
l)asement ceiling will allow; it then slopes downwanl with a grade 
of about 1 inch in 10 feet, and makes a circuit of the building or a 
{X)rtion of it. 

Risers are taken from the top and carritnl to the radiators above, 
as in the two-pipe system; but in this case, the condensation flows 
back through the same pipe, and drains into the return main near the 

floor through 
drip connections 
which are made 
at frequent in- 
tervals. In a 
two-story build- 
ing, the bottom 
of each riser to 
the second floor 
is dripped; and 
in larger build- 
ings, it is cus- 
tomary to drip 
each riser that 
has more than 
one radiator con- 
nected with it. If the radiators are large and at a considerable dis- 
tance fnmi the next riser, it is better to make a drip connection for 
each ra<liator. When the return main is overhead, the risers should 
be dripped through siphon loops; but the ends of the branches 
should make direct connection with the retunis. This is the reverse 
of the two-pipe system. In this ciuse the lowest pressure is at the 
ends of the mains, so that steam introduce<l into the returns at these 
points will cause no trouble in the pipes coniurting l)etween these and 
the boiler. 

If no steam is allowed to enter the returns, a vacuum will be 
formed, and there will be no pressure to force the water back to the 



Main . , Retxxm . . 



¥: 
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Fig. 20. 



('onnoctioDs Mndo to Kstjiblish •Fal.so** Water-Line 
when Boiler Is ]>«*low Hasement Level. 



54 



HEATING AND VENTILATION 



With radiators of medium size and pn)|>erly pniportioned connections, 
the single-pipe system in preferable, there being but one valve to 
operate and only one-half the number of risers passing through the 
lower rooms. 

"One-Pipe Circuit System. In this case, illustrated in Fig. 28, the 
steam main rises to the highest ix)int of the basement, as before; and 
then, with a considerable pitch, makes an entire circuit of the build- 
ing, and again connects with the boiler below the water-line. Single 

^ 1 J , . . . risers are taken 

L k I H H \ H ] 
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iSealAdRoUxm 



Sealed Rcixirr^ i;^^ . 



Adapted to a Large 



risers 

from the top; and 
the condensa- 
tion drains back 
through the 
same pipes, and 
is carried along 
with the flow of 
steam to the ex- 
treme end of the 
main, where it is 
returned to the 
boiler. The 
main is made 
large, and of 
the same size 

throughout its entire length. It must l>e given a good pitch to insure 
satisfactory results. 

One ol)jection to a single-pipe .system is that the steam and return 
water are flowing in oppasite directions, and the risers must be made 
of extra large size to prevent any interference. This is overcome in 
large buiklings by carrying a single riser to the attic, large enough 
to supply the entire building; then branching and running "drops" 
to the basement. In this system the flow of steam is downward, as 
well as that of water. This method of piping may he used with good 
results in two-pipe systems as well. Care must always be taken that 
no pockets or low points occur in any of the lines of pipe; but if for 
any reason they cannot be avoided, they should be carefully drained. 
A modification of this system, adapting it to large buildings, is 
shown in diagram in Fig. 29. The riser shown in this case is one of 



Fig. 29. "One-Pii^e Circuit " System, 
liuihling. 
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several, the niimber depending upon the nhe of the buikling; and 

may he supplietl at either IxJttom or top as nmst desirable. If steam 
Is suppHefl at the bottom of the riser, as shown in the cut, all of the 
drip connections with the return drop, except the upper one, shonlrl 







tor to RiHer »nd Rt*tuna, 



Pig. 3K ^^ODePlpe*' Connection of Itjulla^ 
tor to Uasetneat Maiii. 



be sealtxl with either a siphon loop or a eheck-valve, to prevent the 
steam from short-circuiting and linldinf]: back the condensation in the 
returns al>ove. If an overhead supply is used, the arrangement 
should be the r(»verse; that is, all return etjniiei'tit»ns shonld be staled 
except the lowest. 

Sometimes a separate drip is carried down from eaeh set of 
rach'ators, ns showm on the lower story, lH*ing eonnectt*<l with the 
main return below the water-line of the 
boiler. In ea-se this is done, it is well to 
provifle a elux^k-valve in eaeh drip below 
tlie water-line. 

In buildings of any consitlerable size, 
it is well to divide the piping system into 
sections by means *>f valves [ilaeed in the 
corresponding supply aufl n^f urn branches. 
These are for use in ease *if a break in 
any part of the system, so that it will he fir, ae. "OntPiiJO'CoiinectioD 

• * • of Ratliatorio Klfler. 

necessary to shut off only a small part of 

the heating system during repairs. In tall buildings, it is customary 

to placa valves at the top and l>ottom of each riser, for the same 

pnrpjse. 

Radiator Connections. Figs. 30, 31, and 32 show the common 




\ 
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methods of making connections between supply pipes and radiators. 
Fig. 30 shows a two-pipe connection with a riser; the return is carried 
down to the main below. Fig. 31 shows a single-pipe connection 
with a basement main; and Fig. 32, a single connection with a riser. 

Care must always be taken to make the horizontal part of the 
piping between the radiator and riser as short as possible, and to give 
it a good pitch toward the riser. There are various ways of making 
these connections, especially suited to different conditions; but the 
examples given serve to show the general principle to be followed. 

Figs. 20, 21, and 22 show the common methods of making steam 
and return connections with circulation coils. The |)osition of the 
air-valve is shown in each case. 

Expansion of Pipes. Cold steam pipes expand approximately 
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Pig. 33. 



Elevation and Plan of Swivel-Joint to Counteract Effects of Expansion and 
Contraction in Pipes. 



1 inch in each 100 feet in length when low-pressure steam is turned 
into them; so that, in laying out a system of piping, we must arrange 
it in such a manner that there will be sufficient "spring" or "give" to 
the pipes to prevent injurious strains. This is done by means of off- 
sets and bends. In the case of larger pipes this simple method will 
not be sufficient, and swivel or slip joints must be used to take up the 
expansion. 

The method of making up a swivel-joint is shown in Fig. 33. 
Any lengthening of the pipe A will be taken up by slight turning or 
swivel movements at the points B and C. A slip-joint is shown in 




Flif.sa. Offset Valve. Fig, aOL Corner Valve. 

ValTea for RadU&or Oounectlonfl. 

made in two parts so that they may \ye put in place after the pipe is 
hung. A plate of this kind is shown in Fig. 3C, 
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Valves, llie different styles coiiunonly used for radiator con- 
nections arc shown in Figs. 37, 38, and 39, and are known as amjle, 
offset, and comer valves, respectively. The first is used when the 
radiator is at the top of a riser or when the connections are like those 
shown in Figs. 30, 31, and 32; the second is used when the connection 




FiK. 40. Imllfatiiig EfTeot of UsluR Globe Valve on Horizontal St«am Supply 
IMpe or Dry Return. 

between the riser and radiator is aiK)ve the floor; and the third, when 
the radiator has to he set dose in the corner of a n)oni and there is not 
space for the usual connection. 

A (jlobc valve should never he usiil in a horizontal steam supply 
or dry return. The Reason for this is plainly 
shown in Fig. 40. In onler for water to flow 
through the valve, it must rise to a height 
shown by the dotted line, which would half 
fill the pipes, and cause serious trouble from 
water-hammer. The gate valve shown in 
Fig. 41 does not have this undesirable fea- 
ture, as the opening is on a level with the 
bottom of the pipe. 





Fig. 41. Gate Valve. 



Fig. 42, Simplest Form of Air- Valve. Oi)erat6d by Hand. 



Air-Valves. Valves of various kinds are used for freeing the 
radiators from air when steam is tunied on. Fig. 42 shows the 
simplest fonn, which is operated by hand. Fig. 43 is a type of auto- 
matic valve, consisting of a shell, which is attached to the radiator. 
J7 is a small opening which may be closed by the spindle C, which 
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is provided with a conical end, I> is a strip composed of a layer of 
iron or steel and one of brass soldered or brassed together. The 
action of the valve is as follows: 

when the radiator is cold and fillctl W^^ir £^ 

witliair the valve stands as shown 
in the vuL When steam is tiirnetl 
on, the air is driven ont thrtnigh 
the opening B, An soon as this 
is expelled and steam strikes the 
strip D, the two prongs spring 
apart owing to the nneqnal ex- 
pansion of the two rnctafs due to 
the heat of the steam. This 
raises the spindle C, and clost-s 
the opening so that no steam can 
escape. If air should collet! in 
the valve, and the metal strip 
bec*ome cool, it woiihl contract, 
ant! the spindle would drop and 
allow the air to escape through B 
as before, ^is an adjusting nut. F is a float attached to the spindle, 
and is supposed, in case of a sudden rush 
of w^ater with the air, to rise and close the 
opening; this action, how'ever, is some- 
what uncertain, es[)ecially if the pressure 
of water continues for some time. 

There aret>tlier types of valves acting 
on the same principle. The valve shown 



FIK- 43. Radiator Aiitoraalic Air V aire. 

Operated hy Metal Strip U, Cim^istiug 

ijl Two Pieces of Me la I of Unequal 

Expaoislve Power. 



Fig. 



AtilomaOc Atr-Valv«*. nosed by Ex^pauaion 
of a Pk*c.'c o( Vulcinjlio. 



FIr. 45, Automntlo A It- Valve, 

Openited by Expiinslon of 

ItniTii V Dti(* to V;ii>r>riv.a- 

tlon *>f Alcohol wUli 

which It w PanJy 

Filled. 



in Fig. 44 is cIoschI by the expansion uf u piece uf vulcanite instead 
of a metal i^trip, and hais no water float. 
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The* valve sliown in Fig. 45 acts on a somewhat different prin- 
ciple. The flout C is made of thin brass, closed at top and lx>ttom, 
and is partially fitleiJ with wcxicl alrt»lniL When steam strikes the 
float, the alcohol is va|>orize4K and ereatt^s a pressnre sufficient to 
bulge out the entis slightly, which raises the spinrile and closes the 
opening B, 

Fig. ^i\ shows a form of so-calh^l mjcmim valve. It acts in a 
hhnilar manner to those idnnidy descTilx'd, hut has in addition a 
bull chei*k ivliieh prevents the air from being 
drawn intf> the radiator, should the steam go 
down anrl a vacnnm be formeiL If a partial 
vacuum exists in the boiler and radiators, the 
Ixjiling |x>int, and consequently the tempera- 
ture of the steam, are lowcreti, and^ less heat is 
given off l»y the radiators. T^is methtMl of 
operating a healing plant is sometimes advo- 
cate<] for spring and fall, when little heal is re- 
f[uirtNb anfl when steam under pressure would 
uv*Thi"iit the rooms. 

F*ipe Sizes. Tlie prijportioning of the steam 
pipes in a heating plant is of the greatest im- 
|ic»r*anei% iin<l sliouM he carefully worked out 
by mellKxts which experience has proved to be 
correct. There are several ways of doing this; 
but for onlinary conditions, Tables XIV, XV, 
and XM have given excellent results in actual practice. Tliey 
have been computed frtmi what is known as D'Arcy's formula, with 
suitable corrt^tions made for actual working conditions. As tlie 
computations arc* somewhat cninplicatecb only the results will be given 
here, with full directions for their proper use. 

Table XIV gives the flow of steam in pounds per minute for 
pipes of different diameters antl with varying drops in pressure Ijc- 
tweeii the supply and tllscharge ends of the pipe. These quantities 
are for pipes 100 feet in length; fi>r other lengths the results must be 
corrected by the factors given in Table XVI. As the length of pi|>c 
increases, friction becomes greater, and the quantity of steam dis- 
charged in a given time is d!rainishe<i. 

Table XIV is computed on the assumption that th^ drop hx 
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TABLE XIV 
Flow of Steam in Pipes of Various Sizes» with Varioys Drops in Pres- 
sure between Supply and Discharge Ends 

( alculattHl for 100-Foot LeiiKt-<s of Pipe 
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pressure between the two ends of the pipe et|uals the initial pressure. 
If the drop in pressure is less than the initial pressure, the actual 
disehargewill lie slightly greater than the quantities given in the table; 

TABLE XV 
Factors for Calculating; Flow of Steam In Pipes under IniUal Pres- 
sures above Five Pounds 

To ha UHcd in connect ion with Tal»le XIV 
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liut this differenee will l>c small for pressures up to 5 pounds, and may 

\w negleeterl, a-s it is on the side of safety. For higher initial pressures, 
Tal>le XV has been prepared. This is to lie used in ronneetion with 
Table XIV as follows: First find from Table XIV the f|uaiitity uf 
6team which will be diseharged through the given diameter of pipe 
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TABLE XVI 
Factors for Calculating Flow of Steam in Pipes of Other Lengths 

than 100 Feet 



F..X 


Factor 
3.16 


Fket 
120 


Factor 


Feet 


Factor 


Feet 


Factor 


10 


.91 1 


275 


.60 


600 


.40 


20 


2.2t 


130 


.87 ' 


300 


.57 1 


650 


.39 


30 


1.82 


140 


.84 


325 


.55 


700 


.37 


40 


1.58 


1 150 


.81 


350 


.53 


750 


.36 


50 


1.41 


. 160 


.79 1 


375 


.51 


800 


.35 


60 


1.29 


1 170 


.76 


400 


.50 


850 


.34 


70 


1.20 


! 180 


.74 


425 


.48 


900 


.33 


80 


1.12 


190 


.72 


4.50 


.47 


950 


.32 


90 


1.05 


1 200 


.70 


475 


.46 


1,000 


.31 


100 


1.00 


1 225 


.66 : 


500 


.45 






110 


.95 


250 


.63 1 


550 


.42 







with the assumed drop in pressure; then look in Table XV for the 
factor corresponding with the assumed drop and the higher initial 
pressure to be used. The (juantity given in Table XFV^ muliiplied 
by this factor, will give the actual capacity of the pipe under the given 
conditions. 

Example — What weight of steam will be discharged through a 3-inch 
pipe 100 feet long, with an initial pressure of 60 pounds and a drop of 2 pounds? 

Looking in Tal)lc XIV, we find that a 3-inch pipe will dis- 
charge 25 .4 pounds of steam per minute with a 2-pound drop. Then 
looking in Table XV, we find the factor corresponding to 60 pounds 
initial pressure and a drop of 2 pounds to be 2.02. Then according 
to the rule given, 25.4 X 2.02 = 51 .3 pounds, which is the capacity 
of a 3-inch pipe under tlie assumed conditions. 

Sometimes the problem will be presented in the following way: 
What size of pipe will be refjuired to deliver SO pounds of steam a 
distance of 100 feet with an initial pressure of 40 pounds and a drop 
of 3 pounds? 

We have seen that the higher the initial pressure with a given 
drop, the greater will be the quantity of steam discharged ; therefore 
a smaller pipe will be recjuired to deliver SO pounds of steam at 40 
pounds than at 3 pounds initial pressure From Table XV, we find 
that a given pipe will discharge 1 .7 times as much steam per minute 
with a pressure of 40 pounds and a drop of 3 pounds, as it would with 
a pressure of 3 pounds, dropping to zero. From this it is evident 
that if we divide 80 by 1 .7 and look in Table XIV under "3 pounds 
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drop" for the result tliiis olitainc^l, the size of pipe corivs pout ling wi!! 

Ix' that recjuirt^I. Now, 80 -^1.7== 47, The nearest nninher in the 

table marked "3 pounds drop" is 47, S, whieh iorrespomls to a 31- 

iiich pipe, which is the size rc^tjuired. 

These conditions will seldom he met with in low-pressure healiug, 

but apply more particularly to coml>inatiou jmwer and heating plants, 

and will be taken up more fully umhT that head. For lengths of 

pi)>e other than in<» feet, multiply the t|nantities given in Tal)le WY 

by the factors found in Table Wl. 

Examph-^Wh&i wejjcht of steam will be tlisihjirgeil pi-r niimiti* tliruugh 
a 3J-mch pipe 450 feet long, with a pressure of 5 pounds and a ilrop of § puuml? 

Table XIV, which may Ix* used for all pressures below U) pounds, 
gives for a 3i-inch pipe 104) feet long, a capacity of IS. 3 ]}ounds fur 
the above conditions. Looking in Table XVI, we find the ct»rrection 
factor for 4,50 feet to be .47, Then 18.3 X .47 = 8.0 pounds, die 
quantity of steam which will he dischargt^l if the j)ipe is 450 feet 
long. 

Examples in%'olving the use of Tables XIV, XV, and XVI in 
combination, are tpiite conimtHi in praetiee. llic following example 
will show the nictluKl of caleulation : 

What size of pipe will be required (o fleliver 90 poviiuls uf »te«ta\ per 
minute a distance of SOO feet, witli tin initial pressure uf 80 poumb and ii drop 
of 5 pounds? 

Table XVI gives the factor for 8(K* feel tis .35, and Tal>le XV, 

that for SO pounds pressure and 5 ]>ouuds drop, as 2.09. Then 

90 
- - ,^ — ^ =^ l-'^i which IS the tTpiivalent quantity we must look 

for in Table XIV, We iint] that a 4-inch pipe will di.scharge OLD 
pounds, and a 5-ineh pi[je UMi pounds, A 4Uineh pipe is not com- 
monly carried in stock, and we shoidcl probalvly use a 5-ineh in this 
case, unless it was di'ei*led to use a 4-inch and allow a slightly greater 
drop in pressure. In ordinary heating work, w^ith pressures varying 
from 2 to r> pounds, a drop of J pound in HHJ feet has been fiaind to 
give satisfactor)^ results. 

In computing the pipe sizes for a heating .system by the above 
methods, it would be a long process to work out the size of t*acli 
branch separately. Accomlingly Table XVII has l>ecn prepared for 
ready use in low-pressure work. 
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As most direct heating systems, and especially those in school- 
houses, are made up of l)oth radiators and circulation coils, an effi- 
ciency of 300 B. T. U. has been taken for direct radiation of whatever 
variety, no distinction being made between the different kinds. This 
gives a slightly larger pipe than is necessary for cast-iron radiators; 
but it is probably offset by bends in the pipes, and in any case gives a 
slight factor of safety. We find from a steam table that the laicfit 
heat of steam at 20 pounds alx)ve a vacuum (which corresponds to 
5 pounds' gauge-pressure) is 954 + B. T. U. — which means that, for 
every pound of steam condensed in a radiator, 954 B. T. U. are given 
off for warming the air of the room. If a radiator has an efficiency 
of 300 B. T. U., then each square foot of surface will condense 300 -^ 
954 = .314 pound of steam per hour; so that we may assume in 
round numbers a condensation of J of a pound of steam per hour for 
each square foot of direct radiation, when computing the sizes of 
steam pipes in low-pressure heating. Table XVII has been calculateii 
on this assumption, and gives the scjuare feet of heating surface 

TABLE XVII 

Heatins: Surface Supplied by Pipes of Various Sizes 

Length of Pipe, 100 Feet 



Squark Feet of Heatino Surface 



Size of Pipe 


i l»()unc! Drop 


i Pound Drop 


1 


SO 


114 


li 


115 


210 


IJ 


190 


340 


2 


525 


750 


2i 


950 


1,350 


3 


1.550 


2,210 


3i 


2,320 


3.290 


4 


3,250 


4,620 


5 


5.800 


8,220 


6 


9,320 


13,200 


7 


13,800 


19.620 


8 


19,440 


27.720 



which different sizes of pipe will supply, with dmps in pressure of 
\ and J pounds in each 100 feet of pipe. The former should be used 
for pressures from 1 to 5 pounds, and the latter may be used for 
pressures over 5 pounds, under onlinary conditions. The sizes of 
long mains and special pipes of large size should be proportioned 
directly from Tables XIV, XV, and XVI. 
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WTiere tlie twn-pipe s\\stem is us^il and the radiators have sepa- 
rate supply and iTturn pipes, tlie risers or vertical pipes may Ix* taken 
from Table XVII; but if the single-pipe system is used, the risers 
nnist be inereasefl in size, as the steam and water are flnwinji^ in oppo- 
site directions and must have plenty of room to pass caeh other. It 
is enstomary in this case to base the computation on the velocity of 
the steam in the pipes, rather than on the drop in pressure. Assum- 
ing, as before, a condensation of one-third of a poimd of steam per 
hour per stpiare foot of radiatii>n. Tallies XVTII ant! XIX have been 
prepareii for velocities of 10 and 15 feet per seconch The sizes given 
in Talile XIX have been found sufficient in most cases; ImjI the larj^er 
sizes, based on a flow of 10 feet per second, give greater safety and 
should be more generally useil. The size of the largest riser shonh! 
usually be limited to 2J inches in school aiid dwelling-house work, 
iinlt\ss it is a special pipe carried up in a concealet! position. If the 
length of riser is short between the lowest radiator and the main, a 
higher velocity of 20 feet or more may be allowed through this por- 
tion, rather than make the pipe excessively large. 

TABLE XVIII TABLE XIX 

Radiating Surface Suppllect tiy Steam Risers 




1 Feet rttt Seccwo Vklocttt 




8t«eof inpe 


Sq. Feet of Eq41 Aiicm 


BUe of Pipe 


8q. Feet of Rmllation 


. 1 in. 


30 


1 in. 


50 


k H '' 


60 


H " 


00 


1 H " 


80 1 


li " 


120 


1 2 " 


130 


2 - 


200 


1 2} " 


190 


21 " 


290 


I 3 " 


290 


3 *' 


340 


¥ ^* " 


390 


31 ' 


590 



EXAMPLES FOR PRACTICE 

L How many pounds of steam will be delivered per minute, 
tlmnigh a 3i-inch pipe 000 feet long, with an initial pressure of 5 
pounds and a drop of I pound? Ans. 7.32 {K>ands, 

2, What size pipe will be reciuired to deliver 25.52 poinids 
of steam per minute with an initial pressure of 3 pounds and a dmp 
of J pound, the length of the pipe being 50 feet? Ans. 4-hich, 

3. Compute the size of pipe requiretl to supply 10/100 square 
feet of direct radiation (assume ^ of a pound of steam per square 
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foot per hour) where the distance to the boiler house is 300 feet, and 
the pressure carried is 10 pounds, allowing a drop in pressure of 
4 pounds. Axs. .Vinch (this is slightly larger than is required, while 
a 4-inch is much too small). 

TABLE XX 
Sizes of Returns for Steam Pipes (in Inches) 



Di 


\MKTKH 


<.F Stf 


AM 


PiPK 






1 










u 

2* 










2* 
3' 










3* 
4 










o 










t 










S 





















10 










12 







i. 



1 


i 


1 


1 


11 


1 


li 


li 


*> 


U 


2i 


2 


2} 


2 


3 


2 


3 


2 


3^ 


3 


3* 


3 


4 


^ 


5 


3 


.5 


4 


^> 


5 



Returns. The sizi* of return pipes is usually a matter of custom 
and judgment rather than computation. It is a ctmmion rule among 
steamfitters to inakc^ the returns one size smaller than the corre- 
sponding steam pipes. This is a good rule for the smaller sizes, but 
gives a larger return than is necessary for the larger sizes of pipe. 
Table XX gives different sizes of steam pipes with the corresponding 
diameters for drv and sealed returns. 



TABLE XXI 
Pipe Sizes for Radiator Connections 



Sgl'AUK FkF.T OF Hai>iation 


Stkam 

3 inch 
1 
li " 


Return 


Tw(>-l»ipo 


10 to 30 
30 to 48 
48 to 90 
00 to 150 


Jinch 
1 It 

1 " 
li " 


Single- Pipe 


10 to 24 
24 to 60 
()() to 80 
80 to 130 


1 inch 

u '• 

U " 

2 ** 
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The length of run and number of turns in a return pipe should 
be noted, and any unusual conditions providcxl for. Where the 
condensation is discharged through a trap into a lower pressure, the 
sizes given may be slightly reduced, especially among the larger 
sizes, depending upon the differences in pressure. 

Radiators are usually tapped for pipe connections as shown in 
Table XXI, and these sizes may be 
used for the connections with the 
mains or risers. 

Boiler Connections. The steam 
main should be connected to the 
rear nozzle, if a tubular boiler is 
used, as the boiling of the w^ater is 
less violent at this point and dryer 
steam will be obtained. The shut- 
off valve should be placed in such a position that pockets for the 
accumulation of condensation will be avoided. Fig. 47 shows a good 
position for the valve. 

The size of steam connection may be computed by means of the 
methods already given, if desired. But for convenience the sizes 
given in Table XXII may be used with satisfactory results for the 
short runs between the boilers and main header. 




Pig 47 



Good Position for Shut-Off 
Valve. 



TABLE XXll 
Pipe Sizes from Boiler to Main Header 



DiAMETKR OF 


Boiler 


SiZK OF S 


TKAM PiFK 




30 inches 


8 inrhos 




42 




4 






48 




4 






54 




5 






60 




5 
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6 






72 




6 







The return connection is made through the blow-off pipe, and 
should be arranged so that the boiler can be blown off without draining 
the returns. A check-valve should be placed in the main return, and 
a plug-cock in the blow-off pipe. Fig.' 48 shows in plan a good 
arrangement for these connections. 
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The feed connections, with the exception of that part exposed 
in the smoke-bonnet, are always made of brass in the best class of 
work. The small section referred to should be of extra heavy \vTought 
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Fig. 48. A Good ArrauKemenf of Return and Blow-Off Connections. 

iron. The branch to each Iwiler should be provided with a gate 
. or globe valve and a check-valve, tlie former l>eing placed next to the 
boiler. 

Table XXIII gives suitable sizes for return, blow-off, and feed 
pipes for lK)ilers of different diameters. 

TABLE XXIll 
Sizes for Return, Blow-Off, and Feed Pipes 



-^ -, SiZK OF PlPK I SlZK OF ni.OW-OPF 

DiAMKTKR OF HoiLKR ^.^^ GRAVITY RkTURN| PlPE 



'MS iiiclios 

12 

•IS 

54 

60 

G<) 

72 



1 \ inches 

2 '* 
2 

2i - 

2\ " 

3" " 
3 



\\ inrhoa 

ij •' 

2 ** 
o " 

21 " 
2i " 



SiZK OF 


Fked Pipk 




inch 










u 








1^ 




11 





Blow-Off Tank. AVhere the blow-off pipe connects with a 
sewer, some means must be provided for cooling the water, or the 
expansion and contraction caused by the hot water flowing through 
the drain-pipes will start the joints and cause leaks. For this reason 
it is customary to pass the water through a blow-off tank. A form 
of wrought-iron tank is shown in Fig. 49. It consists of a receiver 
supported on cast-iron* cradles. The tank onlinarily stands nearly 
full of cold water. 

The pipe from the boiler enters al)ove the water-line, and the 
sewer connection leads from near the bottom, as shown. A vapor 
pipe is carried from the top of the tank above the roof of the building. 
When water from the boiler is blown into the tank, cold water from 
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the bottom flows into the sewer, and the steam is carried ofF through 
the vapor pipe. The ec^ualizing pipe is to prevent any siphon action 
which might draw the water out of the tank after a flow is once started. 
As only a part of the water is blown out of a l)oiler at one time, the 
blow-off tank can l>e of a comparatively small size. A tank 24 by 48 
inches should l)e large enough for Iwilers up to 4<S inches in diameter; 
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Pig. 49. Connoctlons of Blow-Off Tank. 

and one 36 by 72 inches should care for a l)oiler 72 inches in diameter. 
If smaller quantities of water arc blown off at one time, smaller tanks 
can be used. The sizes given al)ove are sufficient for batteries of 2 or 
more l)oilers, as one l)oiler can be blown off and the water allowed to 
cool before a second one is blown off. rast-in)n tanks are often 
used in place of wrought-in)n, and these may be sunk in the ground 
if desired. 
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INDIRECT STEAM HEATINQ 

As already stilled » iti the iiKlin^et nietli(»«l of .steam beatings a 
special form of iieakT is placed l>eiieatli the iloor, and encased in 
galvanized iron or in brickwork, A cold-air box is eoiinectcnl wilh 
the space beneath tiie heaterj and warni-air pipes at the top are 
connected with registers in the f1of>rs or walls as already descrilit^ for 
furnaces, A separate heater may he providtMl for each register if the 
rooms are large, or two or more registers may be connected with the 
same heater if the horizontal runs of pipe are short. Fig. 50 shows 
a section through a licater arrange^l for intrtMhicing hot air into a 
nmm througli a Hoor register; and Fig. 51 shows the same type of 
heater connectc»tl with a w-all register. The cold-air l)ox is seen at 
the l.)ottom c^f the casing; and tlie air, in passing throngli the spaces 
between the sections of the heater, liecnnu^s warmed, anel rises to the 
rooms above. 

Different forms of intlirect heatet's fire shown in Figs. 52 and 53. 
Stveral sections con- 
nected In a single group _^ ^__ _^_ji^i^^^ ^^ 

are called a stack, Soaie- 
times the stacks are en- 
case4 in brickwork built 
up from the basement 
floor, instead of in gal- 
vanized iron as shown in 
the cuts. This method 
of heating provides fresh 
air for ventilation, and for 
this reason is especially 

adapted for sehoolhouses, hospitals, churches^ etc. As com- 
pared with funiace heating, it has tlie advantage of being le^s 
affected by outside wind-pressure, as long nms of horizontal pipe 
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Fig. 50, Steam Heater Plaet^n under FlCH>r Bejilster 
—Indirect System. 
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are avoideil Rnd (he lieafr^rs can be placfM^! near the re^i^ters. In a 
large building where several furnaces would Ix^ ret|uired, a single 

lx)iler can be usefl, and the num- 
ber of stacks increased to suit 
the existing conditions, thus 
making it necessary to run but 
a single fire. Another advan- 
tage is the large ratio between 
thr heating and grate surface 
as compared wnth a furnace; 
and as a result, a large quan- 
tity of air is warmetl to a mod- 
erate temperature, in place of 
i\ smaller quantity heated to a 
nuieh h i g h e r temperature. 
This gives a more agreeable 
([uality to the air, and renders 
it less dry. Direct and indi- 
rect systems are often com- 
bined, thus providing the liv- 
ing rooms with ventilation, wliile the hallways, corridors, etc., have 
only dinx*t rafliators f*ir warming. 

Types of Heaters. Yaricjus fomjs of indirect radiators are sliown 
in Figs, 52, 53, 54, and ntl A hot-water radiator may be use<l for 
steam; Ivnt a steam radiator cannot always be used for hot w^ater, as 
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Pig. 62. Ouo Form of Iml irecl Steam or Hoi- Water Heater, 

It must be especially designed to profluce a continuous flow of water 
through it from top to bottom. Figs. 54 and 55 show^ the outside 
and the interior construction of a common pattern of indirect radiator 
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designed especially for steam. The arrows in Fig, 55 indicate the 
path of the steam through the riMliator, which is supplietl at the right, 
wliile the return connection is at the left. The air-valve in this case 
yhoukl be connei'tt*d in tlie viu\ of the hiiiit section near (he return. 
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Pl|f . 53;. Anolher Form of Indirect S tvam ur Uol • WtiUdT Heater. 

A very efficient form of radiatf»r. anil one that is especially adapted 
to the wanning of hirge volumes of uir, as hi schoolhonse work, is 
shown in Fig, 56, and is known as the School phi radiator. This can 
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Fig. M, Exterior View of d Common Type of Radiator for lDdlreet<5t«am HoatlQi?. 

be used for either steam or hot water, as there is a continuous passage 
downward fmm the siipjily (Connection at the top to the return at the 
bottom. These sections or slabs are made up in stacks after the 



F)g. 85. Interior Mechanism of Hadtntor Sliown tti Pig, H. 

manner shown in Fig. 57, which represents an end view of several 

sections connected together with special nipples. 

A very efficient form of indirect heater may be made np of 
wrought-iron pipe joined together with liranch tees and retuni bends. 
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A heater like that showii in Fig, 5S is known as a box coil. Its efG- 
ciency is increased if the pipes are iimjffercd — that is, if the pifjes in 
aUcmate njws are placed over the spaces between those in the row 
below. 

Efficiency of Heaters, The efficiency of an indirect beater 
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"Scbool Pin" Radiator. Especially Adant«cl for WarminR L&rgQ Volmnes of 

Air by Either Steam or Hot Water, 



de|K'iKls upon its form, the cHffercnce in tenifx^niture hetwcx^n the 
steani ami the surrounding air, and the velocity with which the air 
passes over the heater. Under ordinary conditions in dwelling-house 
w^ork, a good form of indirect radiator will give off about 2 B. T. U. 
per sfiuare fo*>t jR^r boiir for 
each degree difference in tem- 
perature between the steam 
and the entering air. As.sum- 
ing a steam pressure of 2 
pounds and an outside tem- 
perature of xero, we should 
have a difference in tempera- 
ture of alx>ut 22tl degrees, 
which, under the conditions 
stated, would give an efficiency 
of 220 X 2 = 440 B, 1\ U, 
per Iiour for each stjuare foot 
of radiation. By making a similar computation for 10 degrees be* 
low zero, we find the efficiency to be 400. In the same manner we 
may calculate the efficiency for varying conditions of steam pressure 
and outside temjxTature. In the CiLse of hcIkk)! houses and similar 
buildings where large volumes of air are warmed to a moderate tern- 
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peratuR*, a somewhat higher efficiency is ohtainetl, owing to the in- 
creased velointy of the air over the heaters. Where efficiencies of 440 
anti 4 BO are uset] ff)r flvvellings, we niiiy stibstitute 0(14) antl 020 for 
schoulhunses. ThLs correspontls a| jp ro x !m a tc4y to 2.7 B. T. L , per 
stjuare foi^t per hour for a difference of 1 (legree iR^tween the air and 
steatn. 

Tlie principles involveil in iridireet *steam Ijeating are sitnilar 
to those alreaily tlescrihitl m furnace heatuig. Part of the lieat given 
off by the radiator mn.st \ni used in warming up the air-siii)ply to the 
temjHTature of the T<Hnn, and part for t^ffsetting the I(js,s by conduction 
thnmgh walls ami windows, Tlie meduKl of computing the heating 
surface reijuired, 4lej>en*ls njxm the vohniie of air to be .sypi>lied to the 
room. In the case of a schoolroom or hall, where the air quantity 
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Con/' UnUt Up of Wrougtit-Iron Pipe, far Indirect Sicam Healing. 



is large as compared with tlie exposed wat! and window surface, we 
should pn)ceeil as follows: 

First aimpnte tlie li. T. U. re<|uiriMl for loss by eonductitm 
thnnigh walls and windows; and to this, add the B. T. 11. rc*jnired 
for the necessary ventilatitJn; and divide the sum by the eflieiency 
of the radiators. An example will make this clean 

Exnmplfi. How nmny scjuarc feet of iridirert radiation will l>c required 
to w^imi imd vorilihite i% s<luH>lrf)om in /.vto weather, whiTe the heat lass l»y 
c'onilueliojj through walU utui winclowsi is 35,000 B> T. U., and the air-HUpji^v 
is 100,000 cubitj feet per hour? 

By the methoils given under **Heat for Ventilation/' we have 
100,000 X 70, 
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'X 127/272 - B, T. II. required for vent ilal ion. 



30,000 + 127,272 - 163,272 R.T. U, - Total heat required. 
This in turn divide*l by (»00 (the efficiency f>f imiireet radiators 
under these conditions) gives 272 square feet of surface recpiired. 
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In the case of a dwelliiig-hoiise the eondhioiis are somewhat 
changefJ, for a room having a comparadvelv large exposure will have 
peihaps only 2 or 3 occupants, so that, if the small aiiKjuantity neces- 
sary in this case were uscvl to convey the required amount of heat 
to the nxim, it would have to Ije raised to an excessively hi^ temper- 
ature. It has Ijeen found by experience that the radiating surface 
nccessarj' for indirect heating Is aljout oO per cent greater than that 
recjuired for direct heating. So for this work we may compute the 
surface refjuired for direct nuliation, and muhiply the result by 1.5. 

Buildings like hrtspitaLs are in a class between dwellings and 
schoolhouses. The air-supply is l>aseil on the numlxT of occupants, 
as in schools, but other conditions conform nif)re nearly to dwelling- 
houses. 

To obtain the radiatin;^ surface for Imildings of this class, we 
aimpute the total heat n^cjuiretl for warmin;j^ ami ventilation as in 
the case of schoolhoustvs, and divide the sum by the efficiencies given 
for dwellings — that is, 440 for zenj weather, and 4G0 for 10 degrees 
below. 

Example. A }io.spital wanl reiiuires 50,(KX) cubic feet of air per hour for 
vcntiliition; and the heat loss by conduction through walls, etc., is 100,000 
B. T. U. per hour. How many sc|uare feet of indirect ra<liation 1*411 be required 
to wann the ward in zero weather? 

50,000 X 70 -^ 55 = 03,030 B. T. U. for ventilation; then, 

03,030 -f 100,000 ^^^ , . , 

— = 3/2 + sciuare feet. 

440 

EXAMPLES FOR PRACTICE 

1. A schoolroom having 40 pupils is to l)e warmed and venti- 
lated wluMi it is 10 degrees below zero. If the heat loss by conduction 
is 3(),(MM) 1^ T. U. per hour, and the air supply is to be 40 cubic feet 
per minute per pupil, how many scjuare feet of indirect radiation will 
be nHjuirwl? Ans. 273. 

2. A contagious ward in a hospital has 10 beds, requiring 6,000 
cubic feet of air each, per hour. The heat loss by conduction in zero 
weather is <SO,()(K) B. T. U. How many square feet of indirect radia- 
tion will be r(H|uired? Ans. 355. 

3. The heat loss from a sitting room is 11,250 B. T. U. per 
luHir in zero weather. How many square feet of indirect radiation 
will l)e rc^cjuired to warm it? Ans. 75. 
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Stacks and Casings. It has already been stated that ti group uf 
sedioas CDnot^ctcd ti^grthiT is callcil a .stack, and twaiiipk'y of these 
with their easings Hfe shown in Fig8. 50 and 51. Tlie casiiig:^ are 
iisualiy niiide of galvaTiizetl imn, arnl are made up in seetions liy 
means of small lj<jlts so that they may he taken apart in ciise it is 
necessar}' to make repairs. Large staeks are often enclosed in hrick- 
wx>rk, the sides ct^nsisting of S-incli walls, and tlie top Ijcing covered 
over with a hiyer of brick and morlar supportcfl <ni light wnnight-iron 
tee-hurs. Blocks of asl>t\sti>s are sf>meliuies used fur eovering, instead 
of brick, the whole being covered o\er with phistic material uf the 
same kind. 

Wlien* a single stack supjilics several fhics or registers, the 
eoniRTtions between these and the wann-a!r cluimhcr arc made in 
the same manner as ala^ady deseribtHl for furnace heating. When 
galvanizccMnin casings arc useil, the lieatcr is su]>portLNl by hangers 
fr4»mthetl<K*rahovi\ Fig. ^^__^^^^^^^^^^^ £//n 
59 shows the method ot ^^q 
hanging a heater from a SOREW^ 
wo*xlen floor. If the flot»r 
is of fireproof const ruc- 
tion, the hangers may pass ^ , 

, * - . : \ I ^l^/?a'r iRQN PfP£ ' 

Up tnrougn tne l>rieK- i.*ij,, go. Methr>ili>f Hau*;fniraHealerbelnw;i Woo.len 

WL>rk, and the ends he Muot. 

[jrovided with nnts and large washers or plates; or they may be clampi^l 
to the inm Warns which carry the Ilo(»r. WIutc brick casings arc 
used, tlic heaters are sup|)orted U[Km jm^rs of pipt> or light IdR-ams 
buih into i\\v walls. 

U1ic wann-alr space above tlu' hcah-r shtjuld ncvrr In* less than 
-H indies, while 12 inches is j>refcrjd>lc for heaters i>f large size. Tlie 
tM>Id-air sjjace nniy he an Inch or two less; but \i tlu^'c is plenty of 
roenn, it is goinl |)ractice to make it the same as the space alH>ve, 

Dampers. The general arrangt^ment of a ga!vauize*I-iron cfising 
and Tuixing damper is .shown in Fig. r>(K The cold -air chict is Imnight 
along tlic basement ceiling from the inlet window, and conntTts 
with thi' cold-air chamber Ixmeath the heater. The entering air passes 
up between the sections, and rises througli the register above, ns shown 
by the arrows. When the mi.xing danipti' is in its lowe^st |M>sition, 
all air reaching the register most paiis through the heater; bnt if the 




^ 





Thr objwfiori to this fomi of damper is that there is a tendency for 
tile uir to enter the rtH>m Ix^fore it i,s tliomughly niLxed; that is, a 
streain of warm air will rise through one half of the register while 
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cold air enters through the other. This is especially tnie if the con- 
nection between the damper and register i.s short. Fig, 61 shows 
a similar heater and mixing damper, with brick casing. Cold air is 
adraitti*d to tlie hirge chamber below tlie lieater, and rises through 
the t;i»c*tinns to the register as before. Tlie action of the mixing 
i]am|)er is the same as already descrilxil. Several fines or registers 
may be conni^^tiNl witli a stack of this form, ciwh comiection having, 
in a<idition to its mixing damper, an adjusting damper ff»r regulating 
the flow of air to the different rooms* 

Another way of proportioning the air-flow in cases of this kind 
is to diviile the hot-air chamlnT above the heater into sections, by 
aicans of galvanized-imn partitions, giving to each room its proper 
share of heating surface.^ If tJie cold-air supply is niiule sufficiently 
large, this amtngement is pR'ferable to using adjusting dampers as 




I 



Fig. 6S, Another Arraugeineut >f MIkIuk' DLiiiiiii-r iiiid n^-.tipr in QalvaniztMl-Irtm 
Casinif. Heater betwuca Dampc-r aud Register. 

descrihcf! abive* The partitions should be carried down the full 
depth of the heater U^tween the sections, to secure the best results. 
The arrangement shown in Fig. 02 is somewhat dilTerent, and 
overcomes the objection notetl in connection with Fig. 00, by suli- 
stituting another. The mixing damper in this ciise is placed at the 
other end of the heater When it is in its highest position, all of the 
air n^ust pass thrf>ugh the heater before reaching the register; but 
when partially lowertxl, a part of the air passes over the heater, 
and the result is a mixture of c€*kl and warm air, in proportions 
depending upon the fKjsition of the thiinper. Ab- the layer of warm 
air in this case is below the cold air, it tends to rise thmugh it, and a 
more thorough mixture is obtaintMl than is possible wit'i the damper 
shown in Fig* Gt). One cpiite serious oljjeetion, howx-ver, to this form 
uf damper, is illustrate*! in Fig. 63. When the damper is nearly 
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closed so that the greater part of the air enters above the heater, it 
has a tendency to fall between the sections, as shown by the arrows, 
and, becoming heated, rises again, so that it is impossible to deliver 

air to a room below a certain tem- 
perature. This peculiar action in- 
creases as the quantity of air admit- 
tetl below the heater is diminished. 
WTien the inlet register is placed in 
the wall at some distance above 
the floor, as in schoolhouse work, a thorough mixture of air can be 
obtained by plac- 



J 



Fig. 63. Showing Difficulty of Regulat- 
ing Temperdiuro with Arrangement 
In Fig. 62. 




ing the heater so 
that the current 
of warm air will 
pass up the fn)nt 
of the flue and he 
discharged into 
the room through 
the lower part of 
the register. This 
is shown quite 
clearly in Fig. 04, 
where the cur- 
rent of warm air 
is represented by 
crooked arrows, 
and the ct)ld air 
by straight ar- 
rows. The two 
currents pass up 
the flue separate- 
ly; but as soon 
as they are dis- 
charged through 
the register the 
warm air tends 

to rise, and the cold air to fall, with the result of a more or less 
complete mixture, as shown. 



)i 



,-^ 
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Fig. 64. 



Arrangement of Heater and Damper Causing Warm Air 
to Enter Room through Lower Part of Register, thus 
Securing Thorough iMixing 
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It is uflen tiesirable to warm u rtHHii at tJnies wfini veiitilution 
is not nc^cessary. as in tlie case of living rooms ilurliig the Tiight, or 
for quick warming in the morning* A irgister anfl <himper for air 
rotation shonlti lie prnvi^h'*! i.i this case. ¥i^. 65 shows an arrange- 
ment for this purpose. When the dam[>er is in tlie position shf*\vn, 
air will he taken from the room ahove im^l l>e w^armnl over and over; 
but, by raising the flamper, the supply will he taken from outsicle. 
SfM-eial eart^ shonltl be taken to make all mixing ilampt*rs tiglit against 
air-leakage, else their a*l vantages will Iw* lost. They should wi»rk 
easily and close tightly against flanges covertnl witli felt. They may 
l>e o|)eratefI from the nxjms alxne by means of chains passing over 




W\g,t&, Arr:MiffeTnt»iit for Quick flf^atliiB wUhmit Vmitllatinn. Oanip*T Shuts o:T Frt^sh 
Air, and Air oj Rmjin Hi-atetl by Hutntln^; Forth aiiU Hack ihroiii^li 
lit»glst<^r and Hi-atf-r, 

giiide^pnlleys; special attachments shtaild he provided for hultling 
in any desired |>osition, 

Warm-Air Flues. The recpiired size of the warm-air Hue between 
the heater and the register, depends first upon the t!iffert*nee in tem- 
peratnre between ttie air in the flue juitl that of tlie room, and second, 
upon the height of the flue. In dwell ing4ionses, wdiere the con- 
ditions are practieatly constant, it is customary to allow^ 2 square 
inches area ft>r each srpiare foot of ra*liation when the room is on the 
first floor, ami 1\ square inches for the secoml and third floors. In 
the ease of hospitals, where a greater volume of air is required, these 
figures may l>e increased to 3 S(|Uare inches fcjr the (irst fiixir wnrtls, 
and 2 square inclies for those on the y[)per fttM jrs. 

In schoolhouse work, it is more usual in calculate tlie size tif 
flue from an assumed velocity of air-flow thrtjugh it. This wnll vary 
greatly aceonling to the taitside temperature an<l tlu* prevailing wind 
conditions. Tlu^ ft>llowing figures may be taken tis average veltKities 
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obtained in practice, and may be used as a basis for calculating the 
required flue areas for the different stories of a school building: 

1st floor, 280 feet per minute. 
2nd " , 340 " " 
3rd " , 400 " " 
These velocities will be increased somewhat in cold and windy weather 
and will be reduced when the atmosphere is mild and damp. 

Having assumed these velocities, and knowing the numlier of 
cubic feet of air to l>e delivered to the room per minute, we have only 
to divide this quanity by the assumed vel(X?ity, to obtain the retjuired 
flue area in square feet. 

Example. A schoolroom on the second floor is to have an air-supply of 
2,000 cubic feet per minute. What will be the required flue area? 

Ans. 2000 -=- 340 = 5.8 + scj. feet. 
The velocities would be higher in the coldest weather, and dampers 
should be placed in the flues for throttling the air-supply when nec- 
essary. 

Cold-Air Ducts. The cold-air ducts supplying heaters should 
be planned in a manner similar to that describtni for furnace heating. 
The air-inlet should be on the north or west side of the building; but 
this of course is not always [)ossible. The method of having a large 
trunk line or duct with inlets cm two ()r more sides of the building, 
should be carried out when possible. A cold-air room with large 
inlet windows, and ducts connecting with the heaters, makes a good 
arrangement for school house work. The inlet windows in this case 
should be provided with check-valves to prevent any outward flow of 
air. A detail of this arrangement is shown in Fig. 6G. 

This consists of a l)oxing around the window, extending from 
the floor to the ceiling. The front is sloped as shown, and is closed 
from the ceiling to a point below the V)ottom of the window. The 
remainder is open, and covered with a wire netting of about ^-inch 
mesh; to this are fastened flaps or checks of gossamer cloth about 
() inches in width. These are hemmed on both edges and a stout 
wire is nm through the upper hem which is fastened to the netting 
by means of small copper or soft iron wire. The checks allow the air 
to flow inward but close when there is any tendency for the current 
to reverse. 

The area of the cold-air duct for any heater should be about 
three-fourths the total area of the warm-air ducts leading from it 
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If the fluct is nf any consuleriihlc length tir contains sharp fx^nds, it 
should I>e imidc the full size of all the vvann-air ducts, A<ljnsting 
dainpcTS should be |>laced iu the supply duet to each sepanite slack. 
If a trunk with two inletis is used, ench inlet should be of sufficient 
size to furnish the full amount of air refjuired, and should be pro- 
vided with cloth checks for preventing an outward flow of air, as 
already described. The inlet windows should be provided with 
some form of damper or slide, outside of which should be placed a 
wire grating, backed by a netting of al>ont |-inch mesh. 

Vent Flues. In (hvelling-honses, vent flues are often omitted, 
and the frefpient ojioning of floors and leakage are depended n|ji>n to 
carry away the im- 
pure air. A well- ^ 
designetl system of 
warming should 
provide some means 
for discharge ven- 
tilation, especially 
for bathrtioms and 
toilet-ro4>ms, and 
also for living n^oms 
w li e r e liglits are 
burned in the even- 
ing. Fireplaces are 
usually provided in 
the more important 
rooms of a well- 
built house, and ^e-^^- 
these are ma<le to 

serve as vent flues. In rooms having no fireplaces, special flues 
of tin or galvanized iron may be carrietl up in the partitions in 
the same manner ns the warm-air flues. These should be gatheretl 
together in the attic, and connected with a brick flue running up 
beside the lx>iler or range chimney. 

Very fair results may be obtainetl by simply letting the flues open 
into an unflnished iittic, and deix*nding upon leakage through the 
roof to carry away the foul air. 
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Air-Inlet Prov1d<»d with CheckValres to Prevent 
Outwaril Flow of Air. 
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The sizes of Hues may lx» made the reverse of the warm-air flues 
— that is, 1 ^ scjuare inches area per square foot of indirect radiation 
for rooms on the first floor, and 2 square inches for those on the 
second. This is l)ecause the velocity of flow will depend upon the 
height of flue, and will therefore Ix* greater from the first floor. The 
flow of air through the vents will be slow at best, unless some means 
is provided for warming the air in the flue to a temperature alx)ve 
that of the nK)m with which it connects. 

The methml of carrying up the outlK)ard discharge beside a warm 
chimney is usually sufficient in dwelling-houses; but when it is 

desired to move larger 
quantities of air, a loop 
of steam pipe should l^e 
run inside the flue. This 
should be connected for 
drainage and air-venting 
as shown in Fig. 67. 
WTien vents arc carried 
through the n>of inde- 
pendently, some form of 
protecting hoo<l should 
be provided for keeping 
out the snow and rain. 
A simple form is shown 
in Fig. fkS. Flues carried 
outboard in this way 
should always be ex- 
tended well above the ridges of adjacent roofs to prevent down 
drafts in windy weather. 

For sch()()lhous(i work we may a.ssume average velocities through 
the vent flues, as follows: 

1 st floor, 340 foot por minute. 
2ml " , 2S0 " " 
3r(l " , 220 '' " 

Where flue sizes are based on these velocities, it is well to guard 
against down drafts by placing an aspirating coil in the flue. A 
single row of pipes across the flue as shown in Fig. 69, is usually 
sufficient for this purj>ose when the flues are large and straight; 



Steam 



i 



Return 



FiR. 67. Loop of Steam Plpt* to bt* Run Tnsldo Flue. 
Conuoc'ted for Druiuag** ami AlrVeuilug. 




othenvi^e, two n»ws should be prrividcil. Tlie slant height of the 
heater should be alxjiit twiee the depth of the flue, so tlmt the area 
between the pipes shall ecjual the 
free area of the flue. 

Large vent flues of this kind 
should always be provided with 
dampers for closin;"^ at night, and 
for ri^^ulatlon thmng strong winds. 

Sonietirnes it is desired to move 
a given quantity of air through a 
flue whieh is already in plaee. 
Table XXIV shows what velocities 
may be obtaine<l through flues of 
different heights, for varying dif- 
ferences hi tt^ni{>erature between tlie 
outside air and that in the Hue. 

Example. — It is desired to discharge 1,300 cable feet of air per minute 
throURJi a flue liaving an area i>f 4 nqimre fret and a height of 30 Teet, If the 
etiiiieney of an aspirating coil is 400 H. T. I',, how niany fsiinare feet of surface 
will l»o rc'qyjrcd to move this aiiKtunt of air wlien tlie tonijicniturf of tlie room 
is 70^ and th*- outside tempendiire is GO"^? 



Fig. 68. Section ShowlDR Sim pie F^jmi 

of Protwiinsj H* wxl for V*eni L'ui 

rtt*fi ihrou^h Koo/., 



i//rtv 







sw£: k-zri^ 




Fig. 09, AsplratlDK Coil Plat* d lu Flm^ to Prevent Down Drafts. 



1,300 -^ 4 = 325 feet per minute = Veloeit}" through the flue, 
LfM>kiiit^ in Table XXIV, and follow! n|^ along the line opjxjsite a 
30-fnnt flue, we find that to ohtnin this velucity there must l>e a differ- 
'enee of 30 degrees Ijetween the air in tlie flue aiul the external air. 
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If the outside teinperature is GO (legrt»i»s, then the air in the flue must 
be raised to 60 + 30 = 90 degrees. The air of the room being at 
70 degrees, a rise of 20 degrees is necessary. So the problem resolves 
itself into the following: What amount of heating surface having an 

TABLE XXIV 

Air-Flow throus:h Flues of Various Heights under Vary in g 
Conditions of Temperature 

(Volumes given in cubic feet per square foot of sectional area of flue) 



Heiqiit of 


Excess o> 


Tkmperaturk of Air in Flue Above that ok External Air 


Fluk 

IN FeKT 


5^ 10^ 


15° 


20'' 30' 


50^ 


5 


55 


7G 


94 


109 


134 


107 


10 


77 


108 


133 


153 


188 


242 


15 


94 


133 


102 


188 


230 


297 


20 


108 


153 


188 


217 


205 


342 


25 


121 


171 


210 


242 


297 


3S3 


30 


183 


188 


230 


2()5 


325 


419 


35 


143 


203 


248 


280 


351 


453 


40 


153 


217 


205 


30() 


375 


484 


45 


102 


230 


282 


325 


398 


514 


50 


171 


242 


297 


342 


419 


541 


60 


18S 


204 


325 


373 


401 


594 



efficiency of 4(K) B. T. U. is necossary to raise l,li(K) cubic feet of air 
per minute through 20 degrees? 

1,300 cubic feet per minute = 1,300 X (>0 = 7S,(KH) per hour; 
and making use of our formuhi for *'lieat for vcntihition,'* we have 

IllML>L2^ = 2S,3G3 B. T. U.; 
55 

and this divided by 400 = 71 square feet of heating surface rcHjiuriHl. 
EXAMPLES FOR PRACTICE 

1. A schoolroom on the third floor has 50 pupils, who are 
to Ix* furnished with 30 cubic feet of air per minute each. What will 
be the recjuired areas in square feet of the supply and vent flues? 

Ans. Supply, 3.7 +. Vent, 0.8 +. 

2. Wliat size of heater will be reciuired in a vent flue 40 feet 
high and with an area of 5 square feet, to enable it to discharge 1,530 
cubic feet per minute, when the outside temperature is 60°? (Assume 
an efficiency of 400 B. T. U. for the heater.) Ans. 41 .7 square feet. 
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CONE EXHAUST FAN, INLET SIDS. 

Amerletin Blower Co~ 
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Registers. Registers are made of cast iron and bronze, in a 
great variety of sizes and patterns. The almost univer.sal finish for 
cast-iron registers is black "Japan;" but they are also finishe<I in 
colors and eltML'troplated with 
cop|K.*r and nickel. Fig. 7n 
shows a section through u 
floor register, in which A rep- 
resents the \*al%'e5, which may 
t)e turned in a vertical or hori- 
zontal jiosition, thus openin;^ 
or closing the register; B is ihe 
in>n border; C\ the register V)OX 



Fig. 70. Section Uirough a Floor Register. 



of tin or galvanised iron; and iK the wann-air [)i|R\ Floor registers 
are usually set in cast-iron boniers, one of which is showu in Fig. 71 ; 
while wall register^^ may l>e screwed directly to woi><!eii btirders or 
frames to ct^rrespoiirl with the finish of the rorjui. Widl registers 
should bo providei! with pull-cords ff)r upjcnin^ and closing frnui the 
floors these are shown in Fig. 72. The f)lain lattice pattern shown in 
Fig, 73 is the best for schoolhiiusc wiirk, as it has a com[)aratively 

free openijig for 
air-How and is 
plcasingaud sim- 
ple in desigTi, 
More elaborate 
j)at terns are used 
for fine flwelling- 
house work. 
Registers w i t h 
shut-off valves 
are used for air- 
iulcts, while the 
plain register 
faces witliout the 
valves are placed 
in the vent open- 
ings. The vent flues are usually gathered together in the attic, and 
a single flamper may l)c used to shut off the wiiole rmmlRT at onr (\ 
Flat or round wire gratings of open pattern are often used in place of 




Ptg. 7h Cast-lr^ >n LionJtr lor a Floor Regtai-er. 
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register faces. The grill or solid part of a register face usual I j? fakes 

up about i of the area; hence in computing the size, we must allow 

for this by multiplying the rer|uireti *'net area" by 1 .5, to obtain the 

^'totar* or **Qver-aH" area. 

Exampk. 8uj>|»08e wp liavt» a flue 10 inches in widtli and wiali irj use a 
register hiivjnic a fitse area of 200 square inches* What will be llie required 
height of the register? 

200 X 1 .5 = 3(K3 square inches, which is the total area re<iuinxl; 

then 300 -^ 10 ^ 30, which is the rec(uired height, and we should use 

a 10 by 3t)-inch register. When a register is spoken of as a 10 by 




u 



Fig, 7Z, Wall Register wHh PuU 

Cords (or Oii«^ning and 

CloalDg. 



Fig. 73. Plain l^attlce Patiem Register. Best 
for Schooibouse Work. 



30-inch or a 10 by 20-inch, etc., the dimensions of the latticed opening 

are meant, and not the outside dimensions of the whole register. The 
free opening should have the same area as the Hue with which it et>n- 
nects. In designing new work, one should provide himself with a 
trade catahguc, and use only standard sizes, as special patterns and 
sizes are costly. Fig. 74 ah'^'vs the method of placing gossamer 
check-valves l>ack of the v« '^ ?gister faces to prevent down drafts, 
the same as described r f i r inlets. 
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Inlet registers in dwelling-house ami similar work are placed 
either in the Hoor or in the liiiiseljourd ; yoraetimes they are located 
under the windows, just alx>ve the basetjoard. The oljjeet in view 
is to phiee them where the currents of air entering the room will not 
be olyjectionable to persons sitting near windows. A long, narrow 
floor-register placed close to the wall in front of a window, sends 
up a shallow current of warai air^ which is not especially noticeable 
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Pig. "I. Metbotl of Plac'lnp Gossaiupr rjux-k-Valvi^R back of Vent Register Face 
to PrcVL'iiL Down Drafts. 

to one sitting near it. Inlet registers are preferably placed near 
outside walls* especially in large rooms. Vent registers should Ik? 
placed in insitle walls, near the floor. 

Pipe Connections, The two-pipe system with dry or seaknl 
returns is used in irnlirect heating. The etmditions in he met are 
practically the same as in dirtx^t heating, the only diiFcrence Ix'iiig 
that the radiators are at the basement ceiling mstead of on the floors 
above. The exact method of making the pipe connections will 
depend somewhat upon existing conditions; but the gt^neral metluKl 
shown in Fig. 75 may be used as a guide, with modifications to suit 
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any special case. The ends of all supply mains should be dripped, 
and the horizontal returns should be sealed if possible. 

Pipe Sizes. The tables already given for the proportioning of 
pipe sizes can be used for indirect systems. The following table has 
been computed for an efficiency of 640 B. T. U. per square foot of 
surface per hour, which corresponds to a condensation of if of a p>ound 
of steam. This is twice that allowed for direct radiation in Table 
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Fig. 75. Gcuenil Meth(Ml of MaklnK Pipe and lia<liator ConDections, in Baaement, 
in Indirect Heating. 

XVII; so that we can consider 1 s(juare foot of indirect surface as 
equal to 2 of direct in computing pipe sizes. 

As the indirect heaters are placed in the basement, care must be 
taken that the bottom of the radiator does not come too near the 
water-line of the boiler, or the condensation will not flow back prop- 
erly; this distance, under ordinary conditions, should not be less than 
2 fcHit. If much less than this, the pipes should be made extra large, 
so that there may be little or no drop in pressure between the boiler 
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TABLE XXV 
Indirect Radiating Surface Supplied by Pipes of Various Sizes 
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and tht^ Ii<»atfT. A dnvp in pressiirr nf 1 |hiu]hI wimiIcI raise the 
wattT-Iijir at tlu' iR'atiT 2,4 fct*t. 







Direct-Indirect Radiators. A clirLrl-iridiriTt ra<liat(>r Ls similar 
in form to a dirett radiator, aiiil is placi'd In a ruoia in the same 
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manner. Fig. 76 shows the general form of this type of radiator; 
and Fig. 77 shows a section through the same. The shape of the 
sections is such, that when in place, small flues are formed between 
them. Air is admitted through an opening in the outside wall; and, 
in passing upward through these flues, becomes heated before enter- 
ing the room. A switch-damper is placed in the duct at the base of 
the radiator, so that the air may be taken from the room itself instead 
' f from out of doors, if so desired. This is shown more particularly 
m Fig. 76. 

Fig. 78 shows the wall 1k)x provided with louvre slats and netting, 
through which the air is drawn. A damjH»r door is place<l at either 

end of the radiator base; 
and, if desired, when the 
cold-air supply is shut off 
by means of the rt»gij5ter 
in the air-duct, the radia- 
tor can be converted into 
the ordinary type by 
opening both damper 

FlK. 7rt. Wall Hox with r.onvre Slats and Netting, doorS, thuS taking the air 

Direct-Indirect System. e ^v. • x i 

trom the room instead 
of from the outsitlo. It is customary to increase the size of a direct- 
indire(!t ra<liator 30 jkt cent alxne that called for in the case of 
direct heating. 

CARE AND MANAGEMENT OF STEAM- 
HEATING BCMLERS 

Special directions are usually supplieil by the maker for each 
kind of boiler, or for those which are to l>e managed in any peculiar 
way. The following geneMl directions apply to all makes, and may 
be used regardless of the type of lx)iler employeil : 

Before stjirting the fire, see that the boiler contains sufficient 
w^ater. The water-line should be at about the center of the gauge- 
glass. 

The smoke-pipe and chimney Hue sliould be clean, and the draft 
good. 

Build the fire in the usual way, using a quality of coal which is 
best adapted to the heater. In operating the fire, keep the firepot 
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full of coal, and shake clown ami remove all ilsIh-.s anilcindtTs as often 
as the .state of ilic fin- rLM|uires il. 

Hot ashes or cinders must not Ik' allow'ed to remain in the aiiiUpit 
nnder the grate-hars, but mu,st he removed at regular inten'als to 
jjreveiit burning out the grate. 

To control the fire, see that the damper rc-gulator is prt>perly 
attached to the draft doors and the damper; then rt^^ilatr the draft 
by weighting the aut<jmatic lever as may be refjuiriHl to i»btain the 
necessary steam [>ressure for wanning; Slioyld the water in the 
Ix>iler escape by means of a broken gauge-ghiss, or fn>m any othtT 
cause, the fire should be diMni>efl, and the lx*iler allowed tr» cool befiirc 
adding cold water. 

An empty biiiler sIkjuIiI never In- filled when Imt. If the water 
gets low at any timi\ I ait sfil! slmws in tlie gauge-glass, mtire wahT 
should l>e addiMl by tlie im-aus proviiletl fur this pu^[KJ.s(^ 

The safi*ty-valve shonltl be lifted oeeasitnialty to see that it is 
in working order. 

If the boiler is nst*d in e<jnneetion with a gravity system, it should 
be rleannl each year by tilling with pure water and emptying through 
the blow -oil*. If it should l)eeon]e f<nil or dirtyjt can tje thonjughly 
cleansed by achling a few pounds of caustic soria, and allowing it to 
stand f<ir a day, ami then emptying and thoroughly rinsing. 

During the suinnier months, it is recomnierHled that the water 
be drawn oil from the system, and that air-valves and safety-valves 
l>e openeil to permit the heater to dry out and to remain so. Good 
results, l»owever» are olitained by fiiruig ihe heater full of water, 
driving otl the air by Ijialing sh.wly, and alh^wing it to remain in this 
condition until needed in the fall* The water should then be drawn 
off and fresh water a*lded. 

The heating surface t»f the lK)iterslioul<l l>«* kept eh^an and free from 
ashes and soot by means of a brush made especially fnr tliis purpose. 

Should any of the rooms fail to heat, examine the steam valves 
in the radiators. If a tw(j-pipe system* Intth valves at each radiator 
must be openeil uv closer I at the same time, as rt»t]uired. See that 
the air-valves are hi working comlition. 

If the building is ti> be unoecupit><l in cold weather, draw all the 
water out of the system l>y opening the blow<ifI (ripe at the boiler and 
all steam valves and air-valves at the radiators. 
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k'ft f(jr file Htiuini wfni!d 
Unul to make its opera- 
tion slow and rather 
uiisatLsfactor)\ although 
ihe same type of lx>iler 
Ls sf)iixetioit^ useil for 
ht>th steam and hot 
water. The passiiges in 
a hot-water heater iieecJ 
not extend so directly 
tVoin Ijottom to top as 
in a sleani lK>iler, since* 
the pr(j|»lem of pmvid- 
ing for the free liberation 
of thr steam Inihbles 
does not have to he eon- 
sidered. In general, the 
heat from the furnace 
shonkl strike the sur- 
faces in such a manner 
as to inereast^the natural 
rireulation; this may be 
Eiciumitlislieil to a cer- 
tain extent by arranmng 
the heating surface so 
that a large proportion 
of the direct heat will 
be absorbal near the 
t(jp of the heater. 
Practically the Inalers for low-pressure steam and for hot water differ 
from each other very little as tp the character of the heating surface, 
so that the methmfs alfi'ady given for eouiputing the size of gnite 
surface, horse-power, etc, under the head of **i5team Boilers/' can be 



Fig, 79. Itlcharason SccUoual Hot-Waur Mt-an r. 
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used with sat isf lift ory rt\sylis in the ease tif lint-wiiter heate^rs. 
It is sometimes stattnl that, owing to the greater clifffTence in tem- 
perature l>etwt*en the furnace ga.ses ami the water in a hot-water 
heater, as compared with .stearji, tlie heating surface will l)e more 
efficient and a smaller heater can Ir* nseiL Whih* this is true U* u 
certain extent, difTerent authorities jigree that this advantage is so 
small that no account shouhl I >e taken of it, ant! the general propor- 
tions of the heater should he cak'uhite<I in the same manner as fivr 
steam. Fig. 79 sliows a form of liot-water heater made ujMrf slahs 
or sections similar to the sectional steam lM>ih'r shown in Part I. 
The size can Ik* increased in a similar manner » hy aditiug ntore 
sections. In this case, fiowever, the boiler is increasiNl in width in- 
stead of in lengtii. This has an advantage in the larger sizes, as a 
seconil fire door can 
be adde<I, and all 
parts i)f the grate 
can l>e reachetl as 
well in the large sizes 
ivi ill llie small. 

Fig. SO shows a 
tlitTereiit form of sw- 
tional Iwiiler, in wfiieh 
the se(*t ions a rr 
place*! one alM>ve ar*- 
other. These ImuIcin 
an* circular in form 
and well utlapted to 
*! well ing-houses a i id 
similar work. 

Fig* 81 shows another type f>f east-imn heater which is not made 
in sections. The space Ijetvveen the outer ain! inner shells surniund- 
ing the furnace is filltHl with water, anr! also the cross-pipes directly 
over the fire and the drum at tlie U*p, The supply to the radiatcirs 
is taken off from the top of the healer, and the return connects at the 
lowest point. 
^ The orthnary horizontal and vertical tid)ular lioih'rs, with various 
^^mnotlifications, are used to a considerable extent for hot-water heating, 





l-ng,*). Iii\lnca>le" Boiler, with S^hUousi 
Cunrtetiy Iff AtHfrtrfjii HaiHafor dt. 
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and arc wrll sulapttil to this class r>f wtirk* rspi-t-ially in the case of 
large biaklin^^s. 

Automatic regiilatot^ are often use*! for the purpose of main- 
taininj^ a constant temperature of tlie water. They are constriietetl 
in elifferent ways— some liepend iJjK}n the expansion of a metal pijx^ 
or Toil at (lilTerent temperatures* ami others upon the vajjorization 

anil consefjucnt pres- 
sure of certain vohitile 
Iu|ui<is< These means 
are usually employed 
to i>pen small valves 
which a<!niit watcr- 
I>ressure under rubl>er 
diaphra^^ms; and these 
in tnni arc connected 
liy means of chains 
%viih the draft doors 
of th«* fumacci and so 
ret^ulate the draft as 
retjuircHi to maintain 
an even temperature 
nf the water in the 
Itcater. Fi(^, S2 shows 
one of the first kind. 
. 1 is a metal rcnl placed 
in the How pi[X' fruiu 
(lie heater* and is so 
n>nneL*ttHl with the 
valve // that when the 
water reaches a eertnin 
temperature the expansion of the rot! o|k*us the valve and admits 
water from the street pressure llirough the piix"? C ami D into the 
ehanilKT E, The l>ottom of E consists of a rnhlKT diaphrapu, 
which is ftjrcnl ilown hy the water-pressure and carries with it the 
]e%Tr which operates tlie dampers as shown, and cliecks the fire. 
Wljen the temperature of tln^ water dr(^|)s, tlie rod c*>ntracts and 
valve B closes* shuttini^' o(T the pressure from the c4iamlM^r E, A 
spring is pruvidt*d to throw tlie lever back to its original pt>sition. 




Fl«>81 Casilroii He:it^r Not Matle In Si-rOrms, Wiiter 

Fills Cr<>sH-PiiJtTii unti Space betwetjn UuUt aiul 

IntitT Sti<-'Us, 
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A hot-water system is similar in const met ion and operation to 
one designed for steam, except that hot irairr Hows thnniiijh the 
pipes and radiators instead. 

The cireulatiun thnnigh the pipt*s is pnMhiec*! s(jlely hy tlie dif- 
ference in weight of the ^^ , 

water in the supply anil f^^Lf f 

return^ dne to the differ- u-ifc^ _ *. 

e n e e i n temperature. 

When water is heated it 

expands, and thus a 

given vohmie l)ec*omes 

lighter and tends to rise, 

and the cooler water Hows 

in to take its pUice; if the 

application of heat is kept 

up, the circuhition thus 

prtHlnceti is continuous. 

The velocity of flow dt^ 

pe nd s y pn 1 1 ih c tl i f feren ce 

in ternpcTature between 

the supply and return, 

and the lieif^'ht of the 

railiator alwjve the Ijoiler. 

The horizontal distance 

of tlie nwliator from the 

Ixnler is also an important factor affecting the velocity of flow. 

This action is Ijest shown l*y means of a tlia^ram, as in Fig. H3. 
Ea phtHS tnhe of the form shown in the fipire is filled with water and 
Id in a vertical position, no movement of the water will be notieetl, 
because the two cxilumns .1 and H are of the same weight, and there- 
fore in ec|uilibriuin. Now, if a lamp flame l>e held near the tulw -1, 
the small Ijuhliles of steam whicli are formetl will show the water 
to Im:* in motion, with a current Hiiwing in the tlirection imlleatetl iiy 
the arrows. The reason for this is, that, as the wati^r In A is heateii, 




Fig >*3> Hni- Water liealiT WiUi Anlniiiatle R«uu- 

lali*rOfK«r.kie«l! ihrMii^k Kxpsitislim ?iml Con 

LraoUvni uf Mi* till HtMi In Flow Pip*- 
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Pie. 83. Illustrating 
How the Hfjitin;? 
of Water Causes 
Circulation. 



n 



eXf^NSfON TANK 



it expands and Ix^conies ligliter for a given volume, and is forced 

upward by the heavier water in B faUing to the bottom of the tube. 

The heated water flows from A through the connecting tube at the 
top, into /?, where it takes the place of the 
cooler water which is settling to the bottom. If, 
now, the lamp be replaced by a furnace, and the 
columns A and B be connected at the top by 
inserting a radiator, the illustration will assume 
tlie practical form as utilized in hot-water heating 
(.see Fig. S4). 

The heat given off by the radiator always 
insures a difference in temperature between the 
columns of water in the supply and return pij)cs, 
so that as long as heat is supplied by the furnace 
the flow of water will continue. The greater the 

difference in temperature of the water in the two pijx^s, the greater 

the difference in weight, and con- 

secjuently the faster the flow. Th(» 

greater the heiglit of the radiator 

above the heater, tlie more rapid 

will be the circulation, In^cause tlic 

total difference in weight between 

the water in the supply an<l return 

risers will vary directly with their 

height. From the above it is evident 

that the rapidity of flow depends 

chiefly upon the Icinpcrature differ- 
ence between the supply and return, 

and upon the height of the radiaior 

above the heater. Another factor 

which must be considennl in long 

runs of horizontal i)ipe is the jric- 

iUmal res- i stance. 

Systems of Circulation. There 

are two distinct systems of cir- 
culation employtxl — one <lepending 

on the difference in temperature 

of the water in the supply and return pipes, called gravity circulation; 




HEATER 



Fig. 81. Illustrating Simple Circula- 
tion iu a Heating System. 
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and anotlirr wlirrr a jniiTip is usvt\ tu force the water tlin>u^li the 
main.s, calletl jorccd vircuUitkm, 'I'he former i.s used for dwellings 
and other buildings of onlinarv sixe, and the latter for large huildings, 
and espeeially where there are long horizontal runs of pipe. 

For gravity eireulation some form of seetional cast-inm iMjiler 
is c-ommonly used, although wrnught-in>n tidiular tioilers rnay he 
employe*! if destreth In the case of forcx*d circulation, a heater de- 
signetl to warm the water by means of live or exhaust sfeam is often 
used, A centrifugal or rotary pump is best adapted to this pur- 
pose, and may Ix* driven by an electric motor or a steam engine, 
BS most etmvenient. 

Types of Radiating Surface- (Vst-irou ra^liati^rs and eireulatii>ri 
coils are uschI for h()t water as 
well as for steam. Hot-water 
ratliators <liffer frrnn steam 
nuliators principally in havuig 
a horizontal piissage at t lie top 
as well as at the bottom. 
This constnicti<ui is necessary 
in order to draw off the air 
which gathers at the top nl 
each hwp or section. Other- 
wise they are the same as 
steam radiators, and are well 
adaptetl for the eireulation i>f 
steam, an*l in some res|>tN:*ts 
are superior to tlie onlinary pattern of steam radiator. 

The form shown in Fig, K5 is made with an opening at the top 
for the entrance of water, and at the bottom for its discharge, thus 
insuring a suppl}^ of hot water at the top anrl of coMer water at the 
bc»ttom. 

Some hot-water radiators are made with a cross-partition so 
arranged that all water entering pixsses at once to the top, frf*rn which 
it may take any passage toward the outlet. Fig. H{\ is the mon* 
common form of ra<iiator, and is made with continuous passages at 
top and lK)ttom, the hot w^ater being supplied at one side anti drawn 
off at the other. The action of gravity is rlepende^l upon for making 
the hot ami lighter water pass to the top, ami the cokler water sink 
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to llie botlfnii ami flow oil thnnitrh the rrtiirn. Hot-water radiators 
are usually tappt*d ami plut^gcHl ,so that the pipe connt^ctions can l>e 
made either at the top or at the bottom. This is shown in Fig, XT- 
Wall nuliators are adapttHl to hot-water as well as steam heatirii;. 
Efficiency of Radiators. The eflieieuey of a hot-water radiator 
depemls entirely upon the temperature at wliieh the water is circu- 
lated* The best praetieal results an* obtained with the water leaving 
the boiler at a maximimi temperature of about ISO degrees in zero 
weather and n'tiiniing at alH3Ut KiO degrees; this gives an a%'erage 



IF 


il 


I , 


1 




1 
1 


11 Ij 


L* 


lXj 



o 
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tein|>erature of 1 70 degrees in the radiators. Variations may be made, 
Iiowever, to suit the existing eonditions of ontsl/ie temperaturt*. We 
have seen that an average cast-iron radiator gives off alx*ut UB.T.r. 
per hour per stjuare foot of surfaee per degree difference in tempi^ra- 
tyre between the radiator and the surrounding air, when w^orking 
under ordinary conditions; and this holds true whether it is fille*! 
with steam or water. 

If we assume an average temperature of 170 degrees for die 
water, then the difference in temperature between tlie ra<Uator ami 
tlic air will be 170 — 70 - 100 degrees; and this multiplied by 1 .7 = 





170, winch may Iw tnkvn w^ \hv oificiencv r»f a hot-watiT radiator 
under tli(^ aUove avera^t* conditinris. 

Tills rails fur a water ra<Iiatrtr nhtnii 1 .5 titnt'S as lar^a* as a steam 
radiator to heat a ^iveii voum under the same eoiiditiou.s. This is 
cnmm<m jiractice ahhough sonie eii*J:ineers multiply hy the factor 1 .0, 
wliieh allows for a lower temperature of the w^ater. Water leaving 
the lioiler at 170 degrees should return at about I'lD; the drop in 
temperature shimld not or<liiiarily exceed 20 tlegrees. 

Systems of Piping. A system of hot-water heating shouUl pro- 
duce a perfect circulation of water fn>m the heater to the rmliating 
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surface, and thence hack to the heater through the returns. The 
system of piping usually employed for hot-water heating is shown in 
Fig. SS. In this arrangement the main and branches have an inclina- 
tion upw'ard from the heater; the returns are parallel to the mains, 
and have an inclination downward toward the heater, connecting 
with it at the If>west point. The flow^ pipes or risers arc taken fmni 
the tops of the mains, and may supply one or more radiators as 
rccjuireiL The return risers or ilrops are connected with the return 
mains in a similar manner. In this system great care must lie taken 
to produce a nearly equal resistance to flow in all of the liranches, so 
that each radiator may receive its full supply of water. It w^iU always 
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l)e found that the principal current of heated water will take the path 
of least resistance, and that a small obstruction or irr^ularity in the 
piping is sufficient to interfere greatly with the amount of heat received 
in the different parts of the same system. 

Some engineers prefer to carry a single supply main around the 
building, of sufficient size to supply all the radiators, bringing back 
a single return of the same size. Practice has shown that in general 
it is not well to use pipes over 8 or 10 inches in diameter; if larger 
pipes are required, it is better to run two or more branches. 

The boiler, if possible, should be centrally located, and branches 

carried to diifer- 
^^-'^'^-^^ ent parts of the 

building. This 
insures a more 
even circulation 
than if all the 
radiators are 
supplied from a 
single long main, 
in which case 
the circulation 
liable to be 
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Apartment Buildings where Each' Flat Has a Separate Heater, 



IS 

sluggish at the 
farther end. 

The arrange- 
ment shown in 
F^. 89 is similar 



to the circuit system for steam, except that the radiators have two 
connections instead of one. This method is especially adapted to 
apartment houses, where each flat has its separate heater, as it 
eliminates a separate return main, and thus reduces, by practically 
one-half, the amount of piping in the basement. The supply risers 
are taken from the top of the main; while the returns should con- 
nect into the side a short distance beyond, and in a direction away 
from the boiler. When this system is used, it is necessary to enlarge 
the radiators slightly as the distance from the boiler increases. 

In flats of eight or ten rooms, the size of the last radiator may be 
increased from 10 to 15 per cent, and the intermediate ones propor- 




DtBECT-INDIRBCT SYSTEM OF WARKtNG, SHOWING ADJ1TSTABLE 0AIIFEIL 
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tioiinlly, at tlie .saiiK' tiiHi* keeping the main of a large and luiilonn 
size for tlie entire eireiiit. 

Overhead Distribution. This system of piping is shown in Fig. 
1K>, A single riser is carrieil ilirectlj to live expansion tank, from 
which brancbeii are taken to supply the various drops to which the 
radiators are connected. An important fulvantage in connection 
with this system is that the air rises at once to thejexpansion tank, 
mn\ escapes through the vent, so that air-valves are not retiuircd on 
the radiators. 

I 



^m^m"^^ 



firyl rioor 



Pig. m •'Ovtrht aa ' Uivtributioii Systi^iii ot Uoi^Wai^^r l*lplnp. 

At the same time, it lias the disadvantage diat the water in the 
tank is under less pressure than in tlie heater; hence it will boil at 
a lower temperature. No tn>uble will be ex|>ericnee<l fnim this^ how- 
ever, unless the temperature of the water is raised above 212 degrees. 

Expansion Tank, Everj^ system for hot-water heating should be 
connected with an expansion tank placed at a point somewhat above 
the highest radiator. The tank must in every case l>e connected to a 
line of piping which cannot by any jiossible mt^ans be shut off from 
the boiler, Wien water is located, it expmds a certiiin amount. 
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depending upon the temperature to which it b raised; and a tank or 

reservoir should always be provided to care for this increase in volume. 

Expansion tanks are usually made of heavy galvanized iron of 

one of the forms shown in Figs. 91 and 92, the latter form being used 

where the headroom is limited. Tlie 
venr ptpe connection from the heating system 

enters the bottom of the tank, and 
an open vent pipe is taken from the 
top. An overflow connected with 
a sink or drain-pipe should be 
provided. Connections should be 
made with the water supply both 
at the boiler and at the expansion 
tank, the former to be used when 
first filling the system, as by this 
means all air is driven from the bot- 
tom upward and is discharged 
tlirough the vent at the expansion 
tank. Water that is added after- 
ward may be supplied directly to the 
expansion tank, where the water-line can be noted in the gauge-glass. 
A ball-cock is sometimes arranged to keep the water-line in the tank 
at a constant level. 
All altitude 
(jaiKjc is often 
])laeal in the base- 
ment with the eol- 
ored hand or point- 
er set to indieate 
the normal water- 
line in the expan- 
sion tank. When 
the movable hand 
falls below the 
fixed one, more 
water may be addeil, as recjuired, through the supply pipe at the boiler. 
When the tank is placed in an attic or roof space where there is danger 
of freezing, the expansion pipe may 1x5 connected into the side of the 






Fig. 91. A Common Form of Galvauized- 
Irou Expausion Tauk. 
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tank, 6 or 8 inches from the bottom, aiitl a circulation pipe taken 
from the lower part ami coiinecttHl with the return hoin an upper- 
floor radiator. Tliis pnxluces a slow circuhttion thnuigh the tank, 
and keeps the water warm. 

The size of the ttxpansion tank depends upon the volume of 
water contaioed in the system, and on the temperature to which it is 
heated. The following rule for computing the capacity of the tank 
may be used with satisfactory results: 

Square feet of radiation, dind4id bfj 4(J, equals rt-quircd capacity of 
tatik ill gallons. 

Air- Venting. One very inijxjrtant jKunt to be kept in mind in 
the design of a hot-water system, is the reratival of air from the i*ipes 
and radiators. When the water in the boiler is heated, the air it 
contains forms into small bubbles which rise to the liighest jxiints of the 
system. 

In the arrangenient shown in Fig, 88, the main and branches 
grade upwartl from the boiler, so that the air finds its way into the 
radiators, from which it may be {Irawn off by means of the air-valves. 

A better pUm is that shown in Fig. 89. In this case the expan- 
sion pipe is taken dirt^ctly off tlie top of the main over the boiler, so 
that the larger part of the air rises directly to the expansion tank and 
escapes through the %cnt piptr. The same action takes place in t!ie 
overliead system shown in Fig. IX), where the top of the main riser 
is connc*ctetl with the tank. Every high [xiint in the system and 
every radiator, except in the downwartl system with top supply con- 
nection, sluuild be provided with an air-valve. 

Pipe Connections. There are various methods of ct>nnecting 
the radiators with the mains anti risers. Fig. 93 shows a riuliator 
crmnectefl with the horizontal flow and return mains, which are 
located below the floor. The manner of connecting with a vertical 
riser antl return drop is shown in Fig. 94, As the water tends to 
flow to the highest point, the radiators on the lower floors should ix; 
favonxl by making the connection at the tnp i»f the riser and taking 
the pipe for the upjier floors from the side as shown. Fig. 95 illus- 
trates the manner of connecting with a nuliator on an npj>er floor where 
the supply is connecte*! at the top of the radiator. 

The connt*ctions shown in Figs. 9<J and 97 are used with the 
overhead system shown in Fig, 90. 
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Where the connection is of tlit* form shown at the left in Fi^. tH), 
the cooler water from the radiators Is dischiirgi^ into the supply pipe 
agaiui so that the water furnished to tlie ratliators on the lower floori* 
is at a lower temperature, ami the amount of heating surface must be 
correspondingly increases! to make up for tliis loss, as already fie- 
scribed for the circuit system. 




Flg.M. HAdifttor Conner ted with Hori- 

£OUtal Row and Return Mains 

Located b«*to%v Floor. 



Pig. 91. Radiator Conn«ct«ici to Vertical 
Riser And HvUini Dtop, 



For example, if in the case of Fig. W we assume the water to 
leave at hSl) degrees and return at KM), we shall have a tlit>p in tem- 
perature of 10 degrees on each floor; that is, the w^ater will enter the 
radiator on the second floor at 180 degrees and leave it at 170, and 
will enter the radiator on the first fliMir at 170 and leave it at KK), 





Plg,»5. Uifpw*FNw>if Radiator with Sup- Fig m. Radiator f:niinecllnnK,Overlii'»a 

ply Conneei<?d at Top. Distribiiikm i>y*»ieiii- 

The average ti^mperatures will be 175 and 105, respectively. The 
efficiency in tlie first case will he 175 — 70 =^ 105; and 105 X 1 .5 = 
157. In the second case, 16.5 — 70 = 95; and 95 X 1.5 ^ 142; 
so that the radiator on the first flof>r will liave to be larger than that 
on the serontl floor in the ratio of 157 to 142, in onler to do the same 
work* 




This is approximately an increase of 10 per cent for each story 
clownwiird to offset the cooliog effect; hni in practice tlie supply 
dnips nre made of such size that only a pai1 of the water Is by-passcti 

thronj^h the radiators. For this reason an increase of H per cent 
for each story downward is probably sutHcicnt in ordinary cases. 

Where the radiators discharge 
into a separate return as in the ca:se 
of Fig* S8, or those at tlic right in 
Fig. IK), we may assume the tcmpiTa- 
tureof the water to lie the same t>n 
all floors, and give the radiators an 
e<|ual efhcieney. T 

III a dwelling-house of two stories, 
no difference would l>e made in the 
sizes of radiators on the two floors; 
but in the case of a tall othce build- 
ing, corrections woul<l necessarily be miule as above describefb 

Where cirenlation coils are usetl^they shotild be of a form which 
will tend to pnMluce a flow of water thr<>iig!i them. Figs. !)S, VHJ, an<l 
liX) sliow ditfereut ways of making up and conneeting these coils. 
in Figs. 98 and 1C)0, supply pipes may be cither drops or risers; and 
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Fig, 9R. Cir<JtiliHl<m Coll, One Mtsthotl of CousinicUuu. Siipiily hHpen 
may bo Bither DmjK ur RLsern. 




in the former case the return in Fig. I(K) may be carried back, if desired, 
into the supply drop, as shown l\y the dotted lines. 

Combination Systems, St>metimcs the lx>iler and pijiing are 
ammgiHl for either steam or hot water, since the demand for a higher 
or lower temperatnrt* <if the radiators might change. 
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The object of this arrangement is to secure the advantages of a 
hot-water system for moderate temperatures, and of steam heating 
for extremely cold weather. 




Fig. »9. Another Method of Building Up a Circulation Coll. 

As less radiating surface is required for steam heating, there is 
an ail vantage due to the reduction in first cost.. This is of consider- 
able importance, as a heating system must be designed of such dimen- 
sions as to be capable of warming a building in the coldest weather; 
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Fig. 100. Circulation Coll with Either Drop or Riser Supply. In former case, return 
may be carried Into Supply Drop as shown by Dotted Lines. 

and this involves the expenditure of a considerable amount for radiat- 
ing surfaces, which are needed only at rare intervals. A combination 
system of hot-water and steam heating requires, prsty a heater or boiler 



whieli will iinsw<*r for pkher |>uqx>se; »econd, a system of piping 
which will permit the cireylation of either steam or hot water; and 
thirds the iis^ of radiators which are adapted to l>Qth kinds of heatint*. 
These requirements will be met by using a steam IxJiler provided with 
all the fittings requireil for steam heating, but so arranged that the 
damper regulator may be closed l)y means of valves when the system 
is to be used for hot-water heating, The addition of an expansion 
tank IS required, which must be so arrangetl that it can he shut off 
when the system is used for steam heating. The system of piping 
shown in Fig. 88 is best adapted for a combination system, although 
an overhead distribution as shown in Fig. fK) may lie usal by shutting 
off the vent and overflow pipes, and placing air-valves on the radiators. 

\Miile this system has many advantages in the way of cost over 
the complete hot-water system, the lalxir of changing from steam 
to hot water will in some cases \>v tmnlile- 
some; antl should the connections to tlie 
expansion tank not l>e opened, serious re- 
sults would follow. 

Val v^ and Fittings. Gat e -valves 
should always Ix* used in connection with 
hot-water piping, although angle-vaK'es may 
lie used at the radiators. There are several 
patterns of radiator valves made especially 
for hot-water work; their chief advantage 
lies in a device for quick closing, usually a 
quarter-turn or half-turn lieing sufficient to 
open or close the valve. Two different designs ai-e shown in Figs. 
101 and 102. 

It is customary to place a valve in only one connection, as that is 
sufficient to stop the How of water through the radiator; a fitting 
known as a union elhow is often employed in place of the second valve. 
(See Fig- 103.) 

Air-Valves. The ordinary pet-cock air-valve is the most reliable 
for hot-water radiators, altliough there arc several forms of auto- 
matic valves which are claimed to give satisfaction. One of these 
is shown in Fig. 104. This is similar in construction to a steam 
trap. As air collects in the chaml>er, and the water-line is lowercfl, 
the float drops, and in so doing opens a small valve at the top of the 




FlK* 101. Radiator Vtklre for 
Hot- Wiiter Work. 
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chamber, which allows the air to escape. As the water flows in to take 
its place, the float is forced upward and the valve is closed. 

All radiators which are supplied by risers from l)elow, should be 
provided with air-valves placed in the top 
of the last section at the return end. If 
they are supplied by drops from an over- 





Fig. 10-2. Another Type of Hot- 
Water Kadi.itor Valve. 



Fiu'. HW. rnion Elbow. 



head system, the air will l)e discharcred at the expansion tank, and 

air-valves will not be necessary at the radiators. 

Fittings. All fittings, such as elbows, toes, etc., should l>e of 

the long-turn pattern. If the common form is used, they should \ye 

a size larger than the pipe, bushed 
down to the proper size. The long- 
turn fittings, however, are preferable, 
and give a much better appearance. 
Connections between the radiators 
and risers may l)e made with the 
ordinary short-pattern fittings, as 
those of the other form are not well 
adapted to the close connections nec- 
essary for this work. 

Pipe Sizes. The size of pipe 
required to supply any given radiator 
depends upon four conditions; /?r^/, the 
size of the radiator; second, its elevation 
above the boiler; third, the length of 
pipe required to connect it with the 

boiler; and fourth, the difference in temperature between the supply 

and the retura 




Fig. 104. Automatic Air-Valve for 

Hot- Water Radiator. Operated 

by a Float. 
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As it would Ik- a long and rather cnTiiplirutcd [jri>Lrss In work uiit 
the requiretl size of each pi|)c for a heating system, Tables XXVI and 
XX\TI have Ijeen prepared, covering the usual eonditions to he met 
with in practiee. 

TABLE XXVl 

Direct Radiating Surface Supplied by Mains of Differeiit 

Sizes and Lengtlis of Run 







gqUABK FCKT OF RaOIATINCI SURFACE 




SwK or PiPiJ 










100 ft 


200 ft. 1300 ft. 


400 ft. 


500 ft 


*ioo ft 


TOO ft. 


800 ft. 


l.(M>0 




Run 


Riuj 1 Run 


Rua 


Run 


Run 


Rub 


Run 


ft, uuu 


1 in. 


30 


















U" 


60 


50 
















li'' 


100 


75 


50 














_ 2 - 


200 


150 


125 


100 


75 










■ 2}" 


350 


2oOi 200 


175 


150 


125 








■ 


5*50 


400i aoo 


275 


250 


225 


200 


175 


150 


■ ar^ 


850 


600 450 


400 


S50 


325 


300 


250 


225 


I ^ 


1,200 


8.50' 700 


600 


525 


475 


450 


400 


350 


■ 5 




1,100 ijm 


1,000 700 


850 


775 


725 


t>5t) 


■ 5 




1 


1,000 1,400' 1,300 


1,200 


1,150 


],<KH) 


■^ 7 - 








1,706 


1,601^ 


1,500 



These quantities hxive been ealculated on a basis of 10 feet difTerencc 
in elevation between the center of the healer and the radiators, antJ a differ- 
enee in temperature of 17 degrees between the supply and the return. 

TABLE XXVII 

Radiating Surface on Different Floors Supplied by 

Pipes of Different Sizes 



Sick or 




SoTASE Peet of Radiatinq Suhfacw 




Riser 














Ut Story 


2d 8tory 


3il Story 


4 th au>ry 


5th Story 


ath Htorj 


1 in. 


30 


55 


65 


75 


85 


95 


IH'' 


60 


90 


no 


125 


140 


160 


IH" 


100 


140 


1 U5 


185 


210 


240 


2 - 


200 


275 


375 


425 


5tHJ 




2H" 


350 


475 










3 ' 


550 












2H- 


8.50 













Table XXVI gives the numljer of square feet of direct radiation 
which different sizes of mains anrl branches will supply for varying 
lengths of run. 

Table XXVI may Itc used for all liorizontal mains. For vertical 
risers or drops, Table XXVII may be usetL This has been com- 
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puted for the same difTerence in temperature as in the case of Table 
XXVI (17 degrees), and gives the square feet of surface which dif- 
ferent sizes of pipe will supply on the different floors of a building, 
assuming the height of the stories to be 10 feet. Where a single 
riser is carried to the top of a building to supply the radiators on the 
floors below, by drop pipes, we must first get what is called the average 
elevation of the system before taking its size from the table. This may 
be illustrated by means of a diagram (see Fig. 105). 

In A we have a riser carried to the third story, and from there a 
drop brought down to supply a radiator on the first floor. The 
elevation available for producing a flow in the riser is only 10 feet, 
the same as though it extended only to the radiator. The water in 
the two pipes above the radiator is practically at the same temperature, 
and therefore in eiiuilibrium, and has no effect on the flow of the 
water in the riser. (Actually there would be some radiation from the 
pipes, and the return, alx)ve the radiator, would be slightly cooler, but 
for purposes of ilhistration this may be neglected). If the radiator 
was on the second floor the elevation of the system would be 20 feet 
(see B); and on the third floor, 30 feet; and so on. The distance 
which the pipe is carried above the first radiator which it supplies 
has but little cih^^t in pro^lucing a flow, especially if covered, as it 
should be in pniclice. Having seen that the flow in the main riser 
dei)ends upon the elevation of the radiators, it is easy to see that the 
way in which it is distributed on the different floors must be con- 
sidered. For example, in By Fig. 105, there will be a more rapid 
flow through the riser with the radiators as shown, than there would 
be if they were reversed and the largest one were placed upon the first 
floor. 

We get the average elevation of the system by multiplying the 
square feet of radiation on each floor by the elevation above the 
heater, then adding these products together and dividing the same 
by the total radiation in the whole system. In the case shown in 
B, the average elevation of the system would be 
(100 X 30) + (50 X 20) + (25 X 10) ^ 

100 + 50 + 25 ^teet; 

and we must proportion the main riser the same as though the whole 
radiation were on the second floor. Ixx)king in Table XXVII, we 
find, for the second story, that a IJ-inch pipe will supply 140 square 
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feet; and a 2-inch pipe, 275 feet. Prohahly a 1 j-iiieh pi|H» would 
1)6 sufficient. 

Although the height of stories varies in different buildings, 10 
feet will be found sufficiently accurate for onlinarj' practi(*e. 

INDIRECT HOT-WATER HEATING 

This is used under the same conditions as indirect steam, and 
the heaters used are similar to those already descril)ed. Special 



1 
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Pig. 105. Dia(a*ani to Illustrate Finding of Averajre Klevatiou of Ilt'utinj; System. 

attention is given to the form of the sections, in order that there may 
Ihj an even distribution of water through all parts of them. As the 
stacks are placed in the basement of a building, and only a short 
distance above the boiler, extra large pipes must be used to secure a 
proper circulation, for the Jiead producing flow is small. The stack 



Hi 



HEATING AND \T.NTILATION 



casings, ct»ltl-air and warm-nir pi|M*s, utid registers are tlie same as 
in steam Iiealing. 

Types of Radiators. The radiators for inclirt*et hot-water heating 
are of ihe same general f<»rin as thr)se n.sed for steam. Those shown 
in Figs. 52, 53, 50, ItMi, an<l 107 are eommon patterns. The drum 
pin. Fig. HMl, is an exeellent form, as the methtxl of making the 
connectHnis insures a uniform t!istril>ytion of water through the 
stack. 

Fig. 107 shcnvs a radiator of gocxi form for water circulation* and 
also of good depth, wliich is a necessary point in the design of hot- 
water riwliators. They .should Ik* not less than 12 or 15 inches deep 
for gfMjd rt\sulis. Box colls of tlie form given for sti'am may also Itc 
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FiK. |iW. "Drum Pin" Tndlrisct Hot-Watrr Ramaior. 

nse<l, provided the connections for sup|}!y and nHurn jirr made of 
g*M>d size. 

Size of Stacks. As indirect hot-water heaters arc* used prinei- 
pally in the warming of dwelling-hiMises. and in eombinalion with 
direct radiation, the (nisiest method is ffi (Himpnte the surfaces nxjuiriNi 
for dirt»ct radiation, and nndtiply these resuHs I*y 1 .5 for pin railiators 
of goo<I deptli. For other ft>rms the factor should vary fn>m 1 .5 
to 2, depending upon the depth and pniportioii of frtv area fiir air- 
flow I vet ween the stations. 

If it is desired to calculate the re(|uired surface din^tly I>y the 
thermal mdt metliiMl, we may alkm' an eflkitiicy *>f from ^CAl to 40(1 
for good types in '/.vw weather. 




register or Hiie rcci'ivin^ the warm air, ami tht* cokl-air iliict sliould 
enter I>eneath the heater at the other side. A space of at least 10 
inches, and preferably 12, should be allowiHl f»»r the vvanii air ahrjve 
the stark. The top of the casiri^^ .shtnild |>itch upward toward the 
warm-air outlet at least an inch in its leii^^th. A .space at from S to 
10 inches shonM he allowed for cold air beUnv the stack. 

As the amount of air warmed per scjuare foot of heatin<jf siirfaee 
is less than in the case of steam, we may make th(* Hues somewhat 
smaller as coniparetl 
with the sixc of heater. 
The followin;L^ pn*- 
portifjns may be nsr^l 
under usual conditio! ; 
for ilwelling - houses: 
1 \ sf|uare inches jht 
square foot of radia- 
tion for the first Hour, 
1} sc|uarc inches fnr 
the second floor, and 
1\ square inches for 
the cold-air duct. 

Pipe Connections^ In indirect hot-water work, it is not desirable 
to supply more liian SO to KKJ square feet of radiation fmm a single 
c'ciimeetion. When the retpiirements call for larger stacks, they 
shoidit be diviiled into twn or more i,m>ups according to size. 

It is customary to carry up the main from the Imiler to a point 
near the basement ceiling, where it is air-vented thrtjugh a small 
pijM' leading to the expansion tank. The various branches shouhl 
grade downward and connect witli the tofjs of the stacks. In this 
way, all airjK)th from the l)oiler and frcnn the stacks, wnll find its way 
to the highest point in the nniin, and lie carrie<I olF autnmatically. 

Asiui additional precautiivn, a pet-cnek air-valve sh(iul<l be phicinl 
in the last sec*tion of each stack, and brnnglit out through the easing 
by means of a short pipe. 
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TABLE XXVIll 
Radiating Surface Supplied by Pipes of Various Sizes — Indirect Hot- 
Water System 



DlAMKTF.R 
OF 


Square Feet of Radiating Scrfacb 


Pipe 


100 Ft. Run 

15 

30 

50 
100 
175 
275 
425 
600 


200 Ft. Run 


300 Ft. Run 


400 Ft. Run 


1 in. 

u •• 

2 '* 

f :: 

3i " 

4 '* 

5 •' 

6 " 

7 '^ 


25 
40 
75 
125 
200 
300 
425 
700 


25 
60 
100 
150 
225 
350 
575 


50- 
90 
140 
200 
300 
500 
800 
1,200 



Some engineers make a practice of carrying the main to the 
ceiling of the first story, and then dropping to the basement before 
branching to the stacks, the idea being to accelerate the flow of water 
through the main, which is liable to be sluggish on account of the 
small difference in elevation between the boiler and stacks. If 
the return leg of the loop is left uncovered, there will be a slight drop 
in temperature, tending to produce this result; but in any case it will 
be exceedingly small. With supply and return mains of suitable 
size and properly graded, there should be no difficulty in securing a 
good circulation in basements of average height. 

Pipe Sizes. As the difference in elevation between the stacks 
and the heater is necessarily small, the pipes should be of ample size 
to offset the slow velocity of flow through them. The sizes mentioned 
in Table XXVIII, for runs up to 400 feet, will be found to supply 
ample radiating surface for ordinary conditions. Some engineers 
make a practice of using somewhat smaller pipes, but the larger sizes 
will in general be found more satisfactory. 

CARE AND MANAGEMENT OF HOT-WATER HEATERS 

The directions given for the care of steam-heating boilers apply 
in a general way to hot-water heaters, as to the methods of caring 
for the fires and for cleaning and filling the heater. Only the special 
points of difference need be considered. Before building the fire, all 
the pipes and radiators must be full of water, and the expansion tank 
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should be partiiilly filled as indinitnl hy the gaiijsic-glass. Should 
the water in any of the ra(Hator.s fail to ein-iilate, see that the valves 
are wide open and that the radiator is free from air. Water tmist 
always 1>e added at the expansion tank when for any rettson it is 
drawn fixjiu the system. 

The reriuired temperature of the w^ater will depend upon the 
outside conditions, and only enough fire should be earrled to keep 
tlie rooms comfortably warm. Ther- 
mometers should be placeil in the flow 
and retuni pipes near the heater, as a 
t!;niile. Special forms are made for 
this purjMise, in wliieh the bulb is im- 
merses 1 in a batli of oil or mercury (see 
Fig. 108), 

FORCED HOT-WATER CIRCU- 
LATION 

While the gravity system of hot- 
water heating is well athipted to 
buildings of small and medium size, 
tliere is a limit to which it can W car- 
rietl economically. This is due to the 
slow movement of the w^ater, whicli 
calls for pipes of excessive size. To 
overcome this difficulty, pumps are 
used to force the water thttiugh the 
mains at a comparatively high vt^loeity. 

The water may be heattxl in a 
Ijoiler in the same manner as for 
gravity circulation, or exhaust steam 
may Ix^ utilized in a fee<J-water heater 
of lai^ size. Sometimes part of the 
heat is derived from an cxionomizer placed in the smoke [lassttge 
from the boilers. 

Systems of Piping, The mains for] forced circulation are usually 
nm in one of two ways. lu tlie two-pipe sijakm, sliown in Fig. 1(>9, 
the supply and retnni arc carried side hy side, the former reducing 
in size, and the latter increasing as the branches are taken otf. 
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The flow through the risers is produced by the difference in 
pressure in the supply and return mains; and as this is greatest 
nearest the pump, it is necessary to place throttle-valves in the risers 
to prevent short-circuiting and to secure an even distribution through 
all parts of the system. 

Fig. 110 shows the single-'plpe or circuit system. This is similar 
to the one already described for gravity circulation, except that it can 
be useil on a much larg(»r scale. 

A single main is carried entirely around the building in this 
case, the ends being connectal with the suction and discharge of the 
jnnnp as shown. 

As the pressure or head in the main drops consUmtly throughout 
the circuit, from the discharge of the pump back to the suction, it is 




Fig. l()i». "Tw.>-l»ii)c" System for Forced Hot-Water Circulation. 



evident that if a siipi)ly riser be taken off at any point, and the return 
be connected into the main a short distance along the line, there will 
be a sufficient difference in pressure between the two points to produce 
a circulation through the two risers and the connecting radiators. 
A distiince of S or 1 fet»t between the connections is usually ample to 
produce the necessary circulation, and even less if the supply is taken 
from the top of the main and the return connected into the side. 

Sizes of Mains and Branches. iVs the velocity of flow is inde- 
pendent of the temperature and elevation when a pump is used, it is 
necessary to consider only the volume of water to be moved and the 
length of run. 




in which 

Q = GallorjiJ of water re^juired per laitmte; 
H — 8<iUHre foet of rmli acting surface to ba supplied; 
E = EfRriency of nidiatmg surface in B. T. U. per sq, foot jier hour; 
r= Drup in teuiperaluro of (lie water in psiiwing througli the healing 
etyHivnu 

In sviitems of this kiiitl, where the cireiilatiori is conifmratively 
rapiM, it is ctLstiuiiary to iissiiun: a i]n}p in tem|)tTutiire of ♦ilF to 40°, 
between the ^supply ami returij. 

Iluviii*,' (letenjiiiied the gallons of water to lie moved, the rec|uired 
size of main can be founil by assuming the velocity of How, which 
for pips fitnii o to 8 inches in diameter may be taken at 400 lo 500 
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Fig- na •*Sliiglo-Plpe" or "Circuit^* Syatem for Forced Hot- Water Circulation. 

feet per minute. A velocity as high as titX) feet is sometimes allowed 
for pipes of large size, while tlie velocity in those of smaller diameter 
slitnild be proportionally reduced to 230 or 300 feet for a li-inch pipe. 
The next step is to find the pressure or head necessary to force the 
water tlmnigb the main at the given velocity. This in general should 
not exceed 50 or 60 feet, and much better pump cfliciencics will be 
obtained with heads not exceeding 35 or 40 feet. 

As the water in a heating system is in a state of equilibrium, the 
only [MJwer necessary to produce a circulation is that rcciuired to 
overcome the friction in the pi{K?s and radiators; and, as the area of 
the passageways through the latter is usually large in comparison 
with the fonner, it is customary to consider only the head necessary 
to force the water through the mains, taking into consideration the 
additional friction produced by valves and littings. 
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Each long-turn elbow may be taken as adding about 4 feet to 
the length of pipe; a short-turn fitting, about 9 feet; 6-inch and 
4-inch swing check-valves, 50 feet and 25 feet, respectively; and 
6-inch and 4-inch globe check-valves, 200 feet and 130 feet, respec- 
tively. 

Table XXIX is prepared especially for determining the size of 
mains for different conditions, and is used as follows: 

Example. iSuppose that & heating system requires the circulation of 480 
gallons of water per minute through a circuit main 600 feet in length. The 
pipe contains 12 long-turn elbows and 1 swing check-valve. What diameter 
of main should be used ? 

Assuming a velocity of 480 feet pi^ minute as a trial velocity, we 
follow along the line corresponding to that velocity, and find that a 
5-inch pipe will deliver the required volume of water under a head 
of 4.0 feet for each 100 feet length of run. 

The actual length of the main, including the equivalent of the 
fittings as additional length, is 

GOO + (12 X 9) -h 50 = 758 feet; 
hence the total head required is 4.9 X 7.58 = 37 feet. As both 
the assumed velocity and the necessary head come within practicable 
limits, this is the size of pipe which would probably be used. If it 
were desired to reduce the power for running the pump, the size of 
main could be increased. That is. Table XXIX shows that a 6-inch 
])ipc would deliver the same volume of water with a friction head of 
only about 2 feet per 100 feet in length, or a total head of 2 X 7.58 = 
15 feet. 

The risers in the circuit system are usually made the same size 
as for gravity work. With double mains, as shown in Fig. 109, they 
may be somewhat smaller, a reduction of one size for diameters over 
1} inches being common 

The branches connecting the risers with the mains may be pro- 
portioned from the combined areas of the risers. When the branches 
are of considerable size, the diameter may be computed from the 
available head and volume of water to be moved. 

Pumps. Centrifugal pumps are usually employed in connection 
with forced hot-water circulation, in preference to pumps of the 
piston or plunger type. They are simple in construction, having 
no valves, produce a continuous flow of water, and, for the low heads 
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against which they are operated, have a good efficiency. A pump of 
this type, with a direct-connected engine, is shown in Fig. 111. 

Under ordinary conditions the efficiency of a centrifugal pump 
falls off considerably for heads above 30 or 35 feet; but special high- 
speed pum])s are constructed which work with a good efficiency 
against 500 feet or more. 

Under favorable conditions an efficiency of 60 to 70 per cent is 
often obtainc^d; but for hot-water circulation it is more common to 
assume an efficiency of al>out 50 per cent for the average case. 

The horse-power rcHjuired for tlriving a pump is given by the 
following formula: 

//X rx 8.3 



H. P. = 



33,000 Xi^* 



in which 



// — Friction head in feet; 

V = Clallons of water delivered per minute; 

E = Efficiency of pump. 

Centrifutj;iil pumps are made in many sizes and with varying 
proportions, to meet the different requirements of capacity and head. 

Heaters. If the water is heated in a boiler, any good form may 
be used, the same as for gravity work. In case tubular boilers are 
used, the entire shell may be filled with tul)es, as no steam space is 
required. 

In order to prevent the water from passing in a direct line from 
the inlet to the outlet, a series of baffle-plates should be used to bring 
it in contact with all parts of the heating surface. 

When steam is usikI for heating the water, it is customary to 
employ a closed feed-water heater with the steam on the inside of the 
tubes and the water on the outside. 

Any good form of heater can be used for this purpose by providing 
it with steam connections of sufficient size. In the ordinary form of 
heater, the feed-water flows through the tubes, and the connections 
are therefore small, making it necessary to substitute special nozzles 
of large size when used in the manner here described. 

When computing the required amount of heating surface in the 
tubes of a heater, it is customary to assume an efficiency of about 200 
B. T. U. per square foot of surface per hour, per degree difference in 
temperature between the water and steam. 
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It is usual to circulate the water at a .somt-wJiat liighcr teiuixTa- 
ture ill ijystenis of thi.s kiiul, aiul a maximum initial tciiipcrature of 
200 degrees, with a drop of 40 degrees in the heating system, may he 
used in computing the size of heater. If cxhau.st steam is used at 
atmospheric pressure, there %vill he a ditlereiice of 212 — ISO = 32 
degrees, between the average temperature of the water and the steaiu, 
giving an cfHcieucy of 200 X 32 = (>,4()0 11 T. U, per stpiare foot 
of heating surface. 

From this it is evident that 6,4(X) -=- 170 = 38 scpmre feet of 
flirect radiating surface, or 0,400 -r 400 = 10 stpiare feet of indirect, 
may be supplied from each s^iuiirc foot of tube surface in the heater. 

Kxd tuple. A biiililiii^ hnvitig li,0<MJ yquitra ft-et of direct, an it "J.OOO 
«quttrt* feet of indiret-t mdiitlion, h& to be warnjcd by hot water under forrx-d 
riri'tdatmn, Steaui at atmospheric pressure is to be used for heatiiij«; tlic 
water. How mauy sciujiru feet uf hi^ating Kurfaee should the heater coiUaiji ? 

(),Oi;k} -- 38 = 158; and 2,000 
^ 10 = 125; tlierefore, 15S + 
125 = 2S3 square feet, the area 
of heating surface called for* 

Wlien the exhaust steam is 
not sufficient for the rei|uire- 
nients, an auxiliary live steum 
heater is used in connection 
with it, 

EXAMPLES FOR PRACTICE 

L A building contains 
10,«,K)0 square feet oT direct 
radiation and 4»000 ^1C|Uilre feet 
of indirect ra<liation. How 
many tralluns of water must be cireuhited through the mains [kt min- 
ute, allowing a drop in tem]K*rature of 40 degrees? Axj?* 105 gab 

2. In die abovi' example, what size of main should be used, 
assuming the eiiruit to W .itK> feet in length and to contain ten h>ug- 
tum elbows? The frictitju bead is nut to cxere<l 10 ft., and the 
velocity of flow^ not to exceed 3<M) feet \wt minute. Axh. 4-ineh. 

3. What hoi^se-power will be re*)uii-eil to drive a centrifugal 
pump delivering 400 gallons per minute against a friction liead of 
40 feet, assuming an ettieiencv of 50 per cent for the pump? 

Ans. SH. P, 




Fig. IIL Ciu: ^.„ ...... OlnHt-Cou- 

u^^ted to l!!:ugiiit^« kir 1 urctsd Uut- 
Water Circalallou. 
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4. A building contains 10,000 scjuare feet of direct radiation and 
5,000 sf|uare feet of indirect radiation. Steam at atmospheric pres^ 
sure is to be usetl. The initial temperature of the water is to be 200^; 
and the final. IGO^ How many stjuare feet of heating surface should 
the heater contain? Ans. 575 sq. ft. 

5. How many scjuare feet would he require^J in the above 
heater (Example 4) if the initial temperature of the water were LSO*^ 
and the final temperature 150°? Ans. 390 scj. ft. 

EXHAUST-STEAM HEATING 

Steam, after Innng nsrd iit an engine, nmtains the gn^-ater part 
of its heat; and if not e*>ndense4l or used for other pur|joses, it can 
usually be enijiloycd for heating without affecting to any great extent 
the power of the engine. In general, we may say that it is a matter of 
economy to use the exhaust for heating, although various factors 
must be considered in each case to determine to what extent this is 
true. The more important considerations bearing ujjon the matter 
an^; the relative rjuantities of steam re(|yired for power and for 
heating; the length of the heating season; the typQ of engine used; 
the pressure carricH:l; and, finally, whether the plant under con- 
sideration is entirely new, or whether, on the other hand, it involves 
tlie adapting of an old heating system to a new plant. 

The first use to be made of the exhaust steam is the heating of 
the feed-water, as this effects a constant saving both summer and 
winter, and can l>e done without materially increasing the back* 
pressure on the engine. Under onlinary conditions, about one-sixth 
of the steam supplied to the engine can Iw used in this way, or more 
nearly one-fifth of the exhaust dinckargcd from the engine. 

We may assume in average practice that about 80 per cent of 
the steam supplied to an engine is tlischarged in the form of steam 
at a lower pressure, the remaining 20 jx^r cent being partly converted 
into work and partly lost through cylinder condensation. Taking 
this into account, there remains, after deducting the steam usetl for 
feed-water heating, ,8 X J = .64 of the entire rpiantity of steam 
supplied to the engine, available for heating purposes. 

WTien the quantity of steam recjuired for heating is small ct>ra- 
pared with the total amount supplied to the engine, or where the 
heating season is short, it is often more economical to run the engine 
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condensing and use the live steAm for heating. This can be deter- 
mined in any particular case by computing the saving m fuel by the 
use of a condenser, taking into account the interest and depreciation 
on the first cost of the condensing apparatus, and the cost of water, 
if it must be purehasetl, and cotnparing it with the cost of heating 
with live steam. 

Usually, however, in the case of office buildings and institutions, 
and commonly in the case of shops and factories, especially in north- 
erly hititudes» it is advantageous to use the exhaust for heating, even if 
a condenser is installed for summer use only* The principal objec- 
tion raised to the use of exhaust steam has been the higher back- 
pressure required on the engines, residting in a loss of power nearly 
proportional to the ratio of the back-pressure to the mean cffei'tive 
pressure. There are two ways of offsetting this loss — one, by raising 
the initial or boiler pressure; and the other, by increasing the cut- 
off of the engine. Engines are usually designed to work most econoni- 
ically at a given cut-off, so tliat in most cases it is undesirable to 
change it to any extent. Raising the boiler pressure, on the other 
hand, is not so objectionable if the increase amounts to only a few 
pounds. 

Under onlinary conditions in the case of a simple engine, a rise 
of 3 pounds in the Intck-pressure calls for an increase of about r> 
poumls in the Ixiiler pres^sure, to maintain the same power at the 
engine. 

The indicator card shows a back-pressure of about 2 pounds 
W'hcn an engine is exhausting into the atmosphere, so that an incrc^ase 
of 3 pounds would bring the pressure up to a total of 5 pounds which 
should be more than sufficient to circulate the steam ihrougli any 
well-designed heating system. 

If it is desiretl to re<luce rather than increase the back-pressure, 
one of the so-called Pacuum ayj^trm^, described later, can l»e used. 

The systems of steam heating which have lieen described are 
those in which the water of condensation flows back into the lM>ilcr 
by gravity. Where exhaust steam is use*I, the pn\ssim^ is much Inflow 
that of the boiler, and it must l>e returned either by a pump or l>y a 
return trap. The exhaust steam is often insufficient to supply the 
entire heating system, and must l)e supplemented by live steam taken 
directly from the boiler. This must first pass through a ivihicing 



126 HEATING AND VENtlLATION 

valve in order to reduce the pressure to correspond with that carried 
ill the heating system. 

An engine does not deliver steam continuously, but at regular 
inter\als, at the en<l of each stroke; and the amount is likely to vary 
with the work done, since the governor is adjusted to admit steam in 
such a quantity as is required to maintain a uniforin speed. If the 
work is light, ver\' little steam ^i\\ Ix; admitted to the engine; and 
for this reason the supply available for heating may vary somewhat, 
depi»nding upon the use made of the power delivered by the engine. 
In mills the amount of exhaust steam is practically constant; in 
office buildings where power is used for lighting, the variation is 
greater, (\sp(H:'ially if power is also recpiired for the running of elevators. 

The geiuTal nHjuirements for a successful system of exhaust 
steam heating include a system of piping of such proportions that 
only a slight increase in back-pressure will Ix^ thrown upon the engine; 
a connection which shall automatically supply live steam at a nxluced 
pressure as needed; provision for removing the oil from the exhaust 
steam ; a relief or back-pressure valve arranged to prevent any sudden 
increase in buck pressure on the engine; and a return system of some 
kind for returning the water of condensation to the boiler against 
a higher pressure. These reipurcmcnts may l>e met in various wax's, 
depending upon actual conditions found in different cases. 

To prevent sudden changes in the back-pressure, due to irregular 
supply of steam, the exhaust pipe* fnmi the engine is often carried to 
a closed tank having a capacity from 30 to 40 times that of the engine 
cylinder. This tank may be pnnided with baffle-plates or other 
arrangements and may serve as a separator for removing the oil from 
the steam as it passes through. 

Any system of piping may be used; but great care should \ye 
taken that as little resistance as j)ossil)le is introducctl at bends and 
fittings ; and the mains and branches should l)e of ample size. Usually 
the best results are obtained from the system in which the main steam 
pipe is carried din^tly to the top of the building, the distributing pipes 
l)eing run from tliat point, and the radiating surfaces supplied by a 
down-flowing current of steam. 

Before taking up the matter of piping in detail a few of the more 
important pieces of apparatus will Ix^ descrilKMl in a brief way. 

Reducing Valves. The action of pressure-reducing valves has 
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bcrn takcTi up quiiv fully in ''Huiler Acci'ssorit^'s/' ami iiclhI not be 
repeatinl here. Wlieu the nMhietifni in j>res>sure is large, as in the 
case cif a comhined ptnver luu] heating plant, the valve may be one or 
two ^hvs ^smaller than the low -pressure main into wliicli it disehargcs. 
For example, a 5-ineli valve wilt supply an S-ineh main, a 4-iueh a 
6-iuch main, a 3'ineh a 5-inch main, a 2i-iDeh a 4-inch main, etc. 

For the smaller sizes, the diiferenc'e should not be more than one 
size. All rediK'ing valves shouki be providwl with a valvt^I l>y-pa,ss 
for cutting out the valve in case of repairs. This ei*nnection is usually 
made as shown in plan by Fig. 112. 

Grease Extractor, When exhaust steam is used for heating pur- 
poses, it must first l>e passed through some form of separator for 
rt^moving the oil; and as an adtiitional preeantion it is well to pass the 
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Fig. Ut. Conneetlrms of Heduetng Vulve %x\ Exhaust-Steam Hinitlnj< System* 

water of condensation thmugli a separating tank befort* returning it to 
the boilers. 

Such an arrangement is .shown in Fig, 113. As the cmI collects 
on the surface of the water in the tank, it can lie made to overflow 
into the sewer by chasing the valve in the eonncTtiun with the rt^eeiving 
tank, \nx a short time. 

As unieh of the oil as possible should Ih^ rc^moveil liefore the 
steam enters the jjipes and railiators, else a eoatiiig will be formed on 
their inner surfaees, which will reduce their heating efliciency. The 
separation of tlie oil is usually effected by intRHlueing a series of 
baffling plates in the path of the steam; the particles of oil striking 
these are stopped, and thus separate<l from the steam. The oil drops 
into a n'ceivtn' [irovided ft>r this pnr|M>se and is ilisehargcNl thnnigh a 
tmp to the sewer. 

In the sejjarator, or extractor, shown in Fig. 114, the separation is 
accomplished by a .series nf plates placed in a vertical position in the 
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Ixxly of tlic separator, through which the steam must pass. These 
plates consist of upright hollow columns, with openings at regular 
inten-als for the admission of water and oil, which drain downward 
to the receiver below. The steam takes a zigzag course, and all of 
it comes in contact with the intercepting plates, which insures a 
thorough separation of the oil and other solid matter from the steam. 
Another form, shown in Fig. 115, gives excellent results, and has the 
advantage of providing an equalizing chamber for overcoming, to 
scxmc extent, the unecpial pressure due to the varying load on the 
engine. It consists of a tank or receiver about 4 feet in diameter, 
with heavy lM)il(T-iron heads slightly crowned to give stiffness. 
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Fijr. 113. Separator for Reiuovlug Oil from Kxhaust Steam and Water Condensation. 



Through the center is a layer of excelsior (wooden shavings of long 
fibre) al)out 12 inches in thickness, supported on an iron grating* 
with a similar grating laid over the top to hold it in place. The 
steam enters the space below the excelsior and passes upward, as 
shown by the arrows. The oil is caught by the excelsior, which can 
be renewed from time to time as it becomes saturated. The oil and 
water which fall to the l)ottom of the receiver are carried off through 
a trap. Live steam may be admitted through a reducing valve, for 
supplementing the exhaust when necessary. 

Back-Pressure Valve. This is a form of relief valve which is 
placed in the outlx)ard exhaust pipe to prevent the pressure in the 
heating system from rising above a given point. Its office is the 
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reverse uf the RMliieiii^ valve, wliicli supplies mi*re stearn when 
the pressure tKx^ometi ton Icnv. Tlie form shown in Fig. 116 is 
flesignecl for a verticul pijK'. The valve proper consists nf two (Jiscs 
of unc'cjuat area, the comhine*! area of which wpials that of the pipe, 
Tfic force temlinfi: to open flie valve is that ilue to the stram pressure 
actini; on an area equal ti» the ^lifTerritcr in area between tlie two tliscsi 
it is ck*ar from the cut that the 



pressure acting on tlu* larger 
disc knds to open tlie valve 
while the [>ressuR^ on thesmnl- 
ler acts in the opposite di na- 
tion. The valve-steni is cr»n- 
nected hy a link and crank 
ami with a spindle ujxjn which 
is a lever and weight outside. 
/\s the valve opens, the weif.;;ht 
is raised, so that, by placing it 
111 different positions on the 
lever arm, the valve will opin 
at any desired pn^ssure. 

Fig. 117 shows a different 
type, in which a spring is used 
instead of a weight. This 
%*alve has a single disc nnaing f^CEMR 
in a vertical direction. The 
valve stem is in the form of a 
piston or dasli-pot whicli pre- 
vents a too sudden movement 
and makes it more ijuiet in 
its action. The disc is held 
(m its seat against tlie steam 
pressure by a lever attached 
to the spring as sho^Ti. Wlien 
the pressure of the steam on the underside IxxTam^s gn*ater than the 
tension of the spring, the valve lifts and allows tlie steam to escape. 
Tlie tension of the .spring can he varie«l hy means of the ;nl justing 
screw at its upper emh 

A hack-pressure valve is simply a low-prcssUR- safety-valVe 
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Fig. ItL OU St'piinitor Consist Uir tif Vertical 





Exhaust Head. This is a form of separator placed at the top 
of an outboard exhaust pipe to prevent the water carried up in the 

steam fniin fallmg upon the ro^>fs of huildingit or in the street lielow. 

Fig. lis is known as a rentrifugal exhaust head. The steam, on 

entering at the l>otnjm, is given a 
whirling or rotary motion hy the 
spind defltTtors; and the water is 
ttjrown outwanl by centrifugal force 
against the sides of the chamber, from 
which it flows into the shallow trough 
at the l»ase, and is carried away through 
the drip-pipe, which is brought down 
and connected with a drain-pipe in- 
side the building- The passage of the 
steam outl>oard is shown by die arrows. 
Other forms are used in which the 
water is separated from the steam by 
dc^Hectors which change the direction of 
the currents. 
Automatic Retiirti*Punips. In exhaust heating plants, the 

condensation is returned to the Ixiilers by means of some form of 

retum-puoip. A combined pump ami receiver of the fonn illu5- 
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trated in Eig. 119 is generally iksimI. This consists of a east-iron or 
wrought4r¥)n tank rnr^iiiiteil on a ba.si* in conriecticn with a boiler 
feed-pump. Inside tlie tank is a ball-float eonnectttl by means of 
levers witJi a valve in the steam pipe which is connected with the 
pump Wien the water-line in the tank rises above a certain level, 
the float IS raised and opens the steam valve, whieli starts the pump. 
When the water is loweri»fI to its normal level, the valve clones and 
the pump stops. By this arrangement, a constant water-line is 
maintaine<! in the receiver, and tlie pump runs only as neeiled to care 
for the condensation as it returns from the heating system. IF dry 
returns are nse<l, they may ]yc hrouf^ht together ami conneett^d with 
tlit' top (jf the receiver. If it is ticsired to seal the horizontal runs, as 
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Fiff. UK. CenLrifuj^al l-Ixhaust H4*A«]t 



is usually the case, the receiver may be raised U* a heiglit sufficient 
to give the n^cpiired elevation and the returns eoruiecled neiir the 
Ijottiim below the water-line. 

A balance-pipe, so called, shouh! cormect the lieatiu;( main with 
the top of the tank, for e^iualiziug the pressure; otherwise the steam 
al>ove the water would condense, and the vacuum thus fonm'd would 
draw all the water into the tank, leaving the returns practically empty 
and thus destroying tlie condition sought. Sometimes an inde- 
pendent regulator or pump governor is useiJ in place of a reCTiver, 
One type is shown in Fig. 120. The return main is connected at 




i 




Fig, U^. Combined H^elver skzirl Autoinatle Pump for BcturiUu^ Wiit<v of 
CondetiKatlou tu BuJler. 

will hi' tuk<-ii ii[) here. The t^p:^ shown in Fig. 122 lia** all its working 
piirts nutsitle the tr;i|*. It consi.sts n{ a nist-irou howl pivoteil at (i aiul 
//, Thcn.^ IS an of>ening through G connecting with the inside of 
tite l>owK The pipe K connects through C with im interior pijH* 
ojK^ning near the top (see Fig. 123). The pi]>e D connects with a 
receiver, into which all the returns are hrouglit. .1 is a check-valve 
allowing water to pass thmu^h in the dirtx*tion shown hy the arrow. 
E in ii piix* connecting with the lK»iler tx4ow the wutiT-line, B h a 
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pressure in the returns must always In* sufficit-nt ti> raise.? the water 
from tilt' receiver tn the trap against atmospheric prciisure, whieli is 
theoretically aliout 1 pound f(»r every '2 feet in height • In practice 
there will Ik* more or less friction to 
overt*ome. and snitahle adjustments must 
l»e made for each particular case. 

Fig. 124 shows another fonii of tr.ip 
acting upm the siinie priiicl|dc, except 
that in this case the steam valve is f^^xT- 
attnl hy a bucket or lloat inside the tmp. 
'Jlie pipe conuit*tions are practically the 
sami* as with the trap just ik\scrilKHl. 

llelurn trai>s are more ctmimonlv 
usnl in smaller plants where it is desirctl ^j^ ^^ R.iiim Trap with Work- 
to avuid tlu- expense aii.l care of a jiump. ^"^ ^^''^ ExicmaL 

Dainpcr^Rcgulators. Every heating and cverj- jx>wcr plant 
shtnild he pmvided with automatic means for closing the darajxTs 
when the steam pressure readies a certain point, and for opening 
tlicm ui^ain when the pressure dn>ps. Thei'e are various regulators 
designiHl for this piiriMJse^ a simple form of which is shown in Fig. 125, 

Steam at boiler pres- 
SUR* is admittt^I t>cncath a 
iHajjhrapn which is hal- 
aueed l*v a wei^ditcil lever. 
Wicu tlie jire^snre rises to a 
crrtaiu point, it raises the 
h'ver slightly and opens a 
valve which atlmits water 
under pressurt^ alxne a dia- 
phragm located near the 
smoke-pipe. This action 
forct^s down a lever con- 
nected by chains with the 
d a nx J) e r , and closes it. 




Fig. nx 



Showlnts Tnierlor Dftail 
of Fig, 122, 



•r K*'mrii Tr.ii» 



When the stinim pressure 
drops, the water-valve is cIoschI, iind tlie different parts of the 
apparnfus take their original jn^sitions. 

Another form similar in j>rinciple is shown in Fig. 120. In this 
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ca*sc a piston is (^jxTiittHl 1>y the watcr-pressurr, insttwl of a diaphra^nn. 
Ill l>utli lyiKS ihv pmssint's at which tin- iIiuiijkt j^hall open am! close 
arc rri^iilatiil !>y siiitaljle adjustments of i\w weights upon the levers. 
Pipe Connections, The iiielhod uf iiiakin;^ the pipe connections 
ill any paiiieulur cast.- will dr j>eiid n[nm the general arranj^ement 
o( the apparatus and the various conditions. Fig. 127 illustrates 



£JtHAU5 




TO Tffjyff 




L It I 



■^l 






Pffi^ 



Xi;§ 



X3CL 



1 I I n 



O 



rrCT 



'\\\ \\\\ \\\i\\\\ 



i'i ' i'i'i; i ; i|r 



! i ! i ! : ! ; i i | i 



.i:i:ii i; !i iiii 



3» 



K ' !0!^ ^ 



^^^ 



i!i ! i !i ! : ! i ! i | S 



o 



' I ' I ' r 1 ^-r-y ^ 

T •' t T Lll _ 1_ IL 
I l| l ' I i t^vl 



K TtTt]tyl]t!l! ^ 



rCCr: 



■■ i :!ii 7!: ! :i i ^ 



'i ! i!i i : ! i ! i ! r 



:r I 1 I r r I I 1 r 



-L,J-.L...LZirT 



in 






r"i T T -^i I' 



neruioits 



'irrrf-T 



I 1 I I I rrrr 



O 



■ ': ' i ':' : ':' i' : ' 



ill' lit! I li !ilili 



p^ 



till 



lii 



Xr^ 



I ' I ' i ' t ' 



r I I i I irr^ 



i5 !ii : ! i! i !i |i! y 



I I I I I I i b±i±E 



Xrl 



: ■ ;' '; v ; ^'^ 



T" ]• I 11 I ilKxlr 




Ftg.|^ Ht'turn Tmii wl ( h SN^aTii V:i 1 v*? OpiTated t>y Bucket or Flogit Inside, 



the general principles to he followed, and Ijv suitable changes may Ijc 
useil as a guide in the di si^i^ni tif new systems. 

Steain first passes from the lM>ilc*rs into a large drnm etr header. 
From this, a main, pniviilcil with a sliut-ttff valvcj is taken as shown; 
one hraneh is carried to the engines, w^hile another is connetled with 
the heating system thnnigli a rtxlncing valve having a l>y-pass and 
eut-ont valves. The exliaust from the engines contux-ts with the large' 
niJihi over the l>oih"rs at a (wMnt just above |lie sfeani dnmi. The 




Fig. 12f», Sijtiplp FortD of Aniimiailr ]>amp*-r U*-pnlainr. Opvmtcd by 1>v«t Attached to 
Diaphragm. furrio&lDg Dampens when Si«am PressuLre Keachev a Certain Polnu 

or balance pipe connects the top of the regulator with the luw-pressure 
heating iiiairu luul high jm\ssiire is siipplitNl to the pump as shown. 

A 8ight-fenl hibrieator shtfiiltl !>e plaeiMl in this pijK* above the 
anti^niatie valve; and a valve*J by-psLss should be [ilact^I amtind the 
regulator, for running the pnmp in ease of accident or repairs. The 
nil separator slionld l»e flniinetl through a special oil trap to a catch- 
basin or to the sewer; and the iiteani lirum or any other low points 




1 




One pircc of apjninitus not shown in Fig, 127 Is the fee^l-wiitcr 
hcatcT, ir all iif tlie exhaust steam eaii !r" iitilizetl for heutiiig pur- 
p4>ses, this is not necessary, iis the coli! water for fettling tin- lM>ikTs 
may be disehargt*il into the return pipe and Ix* pumptnl in with the 
condensation. In summertime, however, when tlie heating plant is 
not in use, a fet^l-water heater is necessary, as a large anniunt of heat 
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which would otherwise he wastwl may Ik* suvxhI in this way. The 
connections will depend somewhat upon the form of heater used; 
but in general a single connection with the heating main inside the 
hack-pressure valve is all that is necessary. The condensation from 
the heater should be trapped to the sewer. 
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VACUUM SYSTEMS 

Low-pressure or Vacutini Systems. In the systems of stenm 
heating which have been ilescTihetl up to this {jinitt, the pres.siire 
earried has always tjeen aWve that of the atmosphere, atid the aetion 
of gravity has been liepende*! upon to earry the water of n*tuleiisalion 
back to the boiler or rt^^eiver; the air in the ra4iat(»rs has been hkreed 
out through air-valves by the pressurt? of steam bark of it. Methods 
will now" be taken up in which the pn\ssure in the heating system is 
less than the atmosphere, and where 
the eircuhition thmu^h the radiators is 
prtKluced l>y suet ion rather than by 
pressure. Systems of this kind have 
several advantages over the on! i nary 
methods of eircuhition under pressure. 
First — ^no back- pressure is prodiietnl 
at the engines when use*! in connection 
with exhaust steam; hut ratlier there 
will l>e a reduction of pressure due to 
the partial vacuum existing in the radia- 
tors. Serond ^ i\wTi^ is a complete 
removal of air from the coils and 
radiators, so that all portions are 
steam-filled ami available for lieating 
purposes. Tlurd — there is complete dminage through the returns, 
especially those having long horizontal runs; an*! there is al)sence of 
water-hammer. FoMrfA— smaller return pipes may be used. 
The two older systems of this kind in common use are known as the 
Webster and Paul systems; othtT systems of recent intnMlnetion are 
described in the Instruction Paper on Steam ami Hot -Water Fitting. 

Webster System, Tliis consists primarily of an automatic outlet- 
valve on each coil and radiator, connecter 1 with some form of suction 
apparatus such as a pump or ejector. One type of valve mta} is 




Fig. j:»J> Air OiUUt^Valvt- for Radl* 

iitor, A II torn at 1ml ly Opera UhI by 

E % pu II s Ion a nd Co n t rme i Uni 

of Vukaiilte St^^m. 
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Fi>?. 129. Thermostat At- 
tached to Angle- Valve with 
Top Removed. 



shown in section in Fig. 128, which replaces the usual hand-valve at 

the return end of the radiator. It is siihilar in construction to some 

of the air-valves already described, consisting of a rubber or vulcanite 

stem closing against a valve opening when 

made to expand by the presence of steam. 

^Vhen water or air fills the valve, the stem 

contracts and allows it to be sucked out 

as shown by the arrows. A perforated 

metal strainer surrounds the stem or ex- 
pansion piece, to prevent dirt and seiliment 

from clogging tlie valve. 

Fig. 129 shows the valve — or thermostat, 

as it is called — attached to an ordinary 

angle-valve with the top removed ; and Fig. 

130 indicates the method of draining the 

bottoms of risers or the ends of mains. 

Fig. 131 shows another form of this 

valve, called a watcr-ffral motor. This is 

used under practically the same conditions 

as the one described above. Its action is as follows: 

Onlinarily, the seal .1 is down, and the central tul)e-valve is 

resting upon the seat, closing the port K and preventing <lirect com- 
munication l>etween the interior of 
the motor-lxxly E and the outlet 
L. The outlet is attached to a pipe 
leading to a vacuum-pump, or 
other draining apparatus, which 
exhausts the space F above the seal 
through the annular space between 
the spindle B and the inside of the 
OropL»y central tube (7. The water of 

^'^•'\onou^Xe^Zr^ condensation, accumulating in the 

radiator or coil, passes into the 

chamber E, through the inlet C, ri.ses in the chamber, and seals the 

space between the seal-shell -1 and the sleeve of the bonnet D^ The 

differential pressure thus created causes the seal A to rise, lifting the 

end of the central tube off the se«at, thus opening a clear passageway 

for the ejection of the water of condensation. 
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When ill! thr water of condensation has been <lruwn out of the 
nidiator, the seal and tiilw are reseated by gravity, thus closing the 
port K, preventing waste or loss of steam; and the pressure is ecjual- 
ized alxwe and lielow the seal iiecause of the absence of water. This 
action is praetieally instantaniinis. When the eonilensation is small 
in quantity, the ilisrhar^e is inlerniitlent and rapid. 

The space l)etween the seal A aiul tlie sleeve of the bonnet /J. 
and tlie annular space between the central tuW* (I luul the s[)indle /i, 



^X 
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J 



P 1 g. 1 31 . Wnter-Seal Motor. 



form a passageway through which the air is continually withdrawn by 
the varmim pump or other tlraining apparatus. 

The action outlined continues as long a.s water is present. 
No adjustment whatever is necessary; the motor is entirely auto- 
matic. 

One special advantage claime*! for this system is that the amount 
of steam tuhnittecl tt> the radiators may be regulate<l to suit the reijuire- 
meats uf outsltle temperaturcj and is possible wiUifJOt water- 
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logging or biiiniiM'ririg. ^Iliis niiiy \iv done at will liy dosing down on 
the inlet supply to the desirtMl degree. The result is the admission 
of a .smaller amount of steam to the radiator than it is caleuluted to 
condense normally. The condensation is iTmovcd as fast na fonnetl, 
bj the o|>ening of the themiostatie valve. 

The general application of this system to exliaust heating is 
shown in Fig. 132, Exhaust steam is brought from the engine as 
shown; one branch is connecteil with a feetl-waler heater, while the 
other is carrie<l upward and through a grease extractor, where it 
branches again* one line leading outhoitrd through a luiek-pressurc 
valve and the other connecting with tlie heating main. A live steam 
connection is made through a rerhicing valve, as in the on Unary 
system. Valved connections are made Avith the coils and radiators 
ill the usual manner; but the return valves are replaced by the special 
thermostatic valves descril^etl alx>ve. 

The main return is lirought down to a vacuum pump which (h's- 
eharges into a relurn tQnL\ where the air is separated fn>m the water 
and passes off through the vapor pipe at the top. The condensation 
tlien flows into the feed-water heater, from which it is automatically 
pum|KHl back into the lM>ilers. The cold-water feed supply is con- 
necteil with the return tank, and a small cold-water jet is connected 
into tlic suction at the vacuum puni]) for increasing the vacuum in the 
heating systr-m l>y the c<indensation of steam at this point. 

Paul System- In tliis system tlie sucfioii is connecttHl with the 
air-valves instead of the returns, an*l the vacuum is protlucnl hy 
means of a steam ejector instead of a pump. The returns are carried 
back to a receiving tank, and pumped back to the boiler in flu* usual 
manner. The ejector in this case is ealleil I he v.rhamttr. 

Fig. 133 shows the general method of making the pipe connections 
wnth the radiators in this system; and Fig. 134, the details of connec- 
tion at the exhauster. 

A A arc the returns from the air-valves, ahrl connect with the 
exhausters as shown. Live steam is admitted in small qnanlitics 
through the valves B B ; and the mixture of air and steam is disehargef 1 
outboard through the pipe C. D I) are gauges showing the pressure 
in the system; and E E are check-valves. The advantage of this 
system depends principally upon the quick removal of ..ir from the 
various radiators and pipes, which ccmstitutes the principal ol>Ftruction 
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to circulation; the inductive action in many cases is sufficient to cause 
the system to operate somewhat lx»low atmospheric pressure. 

Where exhaust steam is ustnl for heating, the radiators shouhl 




AUJt sif^Ttm m it£Afmm 



FIjj:. 13 1. ShowliiR Oenoral Method of Making Pipe and Kadlat«)r Connections In 

I*aul System. 



be somewhat increased in size, owing to the lower temperature of 
the steam. It is common practice to add from 20 to 3() per cent to 
the sizes retjuired for low-pressure live steam. 





ccted to a grrakT itr less dc^ix-e by chanj^cs in winrl-prcssiire, and 
makes it esj>ceia!ly adapttil t*> the ventilation anti warming uf large 
buildings sucli as simps, factories, schools, clnirehes, halls, theaters, 
eta, where large and definite air-<|nantities are ref[nired. 

E?chaust Method- This consists in drawing the air out r»f a 
building, antl providnig for the beat thus carried away by placing 
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steam coils under windows or in other positions where the inward 
leakage is supposed to be the greatest. When this method is u^ed, a 
partial vacuum is created within the building or room, and all currents 
and leaks are inward; there is nothing to govern definitely the quality 
and place of introduction of the air, and it is difficult to provide suit- 
able means for warming it. 

Plenum Method. In this case the air is forced into the building, 
and its quality, temperature, and -point of admission are completely 
under control. All spaces are filled with air under a slight pressure, 
and the leakage is outward, thus preventing the drawing of foul air 
into the room fn)m any outside source. But above all, ample oppor- 
tunity is given for projx^rly warming the air by means of heaters, 
either in direct connection with the fan or in separate passages leading 
to the various rooms. 

Form of Heating Surface. The best type of heater for any 
particular case will depend ui:K)n the volume and final temperature 
of the air, the steam pressure, and tlie available space, ^^^len the 
air is to be heated to a high temperature for both warming and venti- 
lating a building, as in the case of a shop or mill, heaters of the general 
form shown in Figs. 135, 136, and 137 are used. These may also be 
adapted to all classes of work by varying the proportions as required. 
They can be made shallow and of large superficial area, for the com- 
paratively low temperatures used in purely ventilating work; or 
dee])er, with less height and breadth, as higher temi>eratures are 
required. 

Fig. 135 shows in section a heater of this ty|)e, and illustrates 
the circulation of steam through it. It consists of sectional cast-iron 
bases with l()()j)s of wrought-iroii pipe connected as shown. The 
steam enters the upper part of the bases or headers, and passes up 
one side of the loops, then across the top and down on the other side, 
where the condensation is taken off thn)ugh the return drip, which 
is separated from the inlet by a partition. These heaters arc made 
up in sections of 2 and 4 rows of pipes each. The height varies from 
3\ to feet, and the v.idth from 3 feet to 7 feet in the standard sizes, 
rhey are usually made up of 1-inch pipe, although 1 J-inch is commonly 
used in the larger sizes. Fig. 130 shows another form; in this case 
all the loops are made of practically the same length by the special 
form of construction shown. Hiis is claimed to prevent the short- 




shcTt-steel liousing as shown in Fig* 137, but may hv aipportcd on 
foundation between brick walls if desired. 
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Fig. 13S shows a .spt^iial form of lu'att-r |>articiilarly ailnpteil to 

vf ntilnling wnrk whrrt* llir air iluos uni have to Ix? mistHl uliove 70 or 
80 degrees. It is niaile up uf l-inch ^Tought-imn pipe cx^nnected 
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with supply in»<l rrtiirn headers; each section rontains 14 pipes, and 
they arc iisindly maile up in groups of 5 set-tions eucli. These coils 
are siipixjrtcil upon tee-irt>iis resting upon a brick foundation. Heat- 
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ers of tills fcjriu iire iLsiially nia<It* to extend across thi' side of a room 
with brick walls at the sidtvs,insteatl of being eiicase<l in steel housings. 

Fig. 139 shows a front view of a ea^t-iron sectional heater for 
use under the same conditions as the jiipe heaters already descrilxHl, 
This heater is made u|j of several Itanks of sections, like the one shown 
in the cut, and enclose<l in a steel-plate casing. 

Cast-iron indirect radiators of the pin type are well a^iapteti for 
use in connection ^vith nieehanieal ventilation, and also for heating 
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Flif. 137 Larjjr Cnil pipe Radiator Eocascd In Sheet-Steel Flouslng. 
where tlie air-vtjlume is large and the temperature not too high, as 
in churches and halls. They make a convenient form of heater for 
selu>othouse and similar w^ork, for, !x*ing shallow, they can be sup- 
ported upin 1-Ueams at such an elevation that the ci>ndensation will be 
returned to the Ijoilers 1>y gravity. 

In the case of vertical pipe heaters, the l)ases are below* the water- 
line of tlie l>oilers, and the condensation must be returned by the use 
of pumps and traps. 
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Efficiency of Pipe Heaters. The efficiency of the heaters used in 
connection with forced blast varies greatly, depending upon the 
temperature of the entering air, its velocity between the pipes, the 
temperature to which it is raised, and the steam pressure carried in 
the heater. The general method in which the heater is made up is 
also an important factor. 

In designing a heater of this kind, care must be taken that the 
free area between the pipes is not contracted to such an extent that 
an excessive velocity will be rccjuired to pass the given quantity of 
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air throiigli it. In ordinary work it is customary to assume a velocity 
of SOO to 1,0(K) feet per minute; liigher velocities call for a greater 
pressure on the fan, which is not desirable in ventilating work. 

In the heaters shown, alx)ut .4 of the total area is free for the 
passage of air; that is, a heater 5 feet wide and 6 feet high would 
have a total area of 5 X 6 = 30 scjuare feet, and a free area between 
the pipes of 30 X 4 = 12 square feet. The depth or number of rows 
of j)ipe does not affect tlie free area, although the friction is increased 
and additional work is thrown upon the fan. The' efficiency in any 
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given lu'.iter will !>e irKTcastnl by incR'iisin^ the \'eIocity of the air 
through it; but the tinal tempcTHture will Ik! (hininisheil; that is. 
a larger c|uantity of air will l>e heated to a lower tempejratare in the 
secoful case, and, while the total heat given off is greater, the air- 
quantity inerea^es more rapidly than the heat-ijuantity, which causes 
a dre»p in temperature. 

Increasing the number of rows of pi[>e in a heater, with a con- 
stant air-(]uatjtity, increases the hnal ti*rn[MTature uf the air, but 
diminishes tlie efiieiency of the lieater, beeausL* the avera^^e rliffereiice 
in tcmfH^rature l^etwcen the air and the steam is less. Increasing 
the steam pressure in the 
heater (and consequently its 
tem|xTalure) increases iKitli 
the final tem[K*rature of (he 
air and tlie efficicney i>f the 
heater. Table XXX has liccn 
prepared from tlifferent tests^ 
and may be used as a guide 
in computing prolnible results 
under onliiiary workijig con- 
ditions. In this table it is 
assnme*l that the air enters 
the heater at a temperature of 
»ero and juisst^s ln*twet*n the 
pipes widi a velocity of SCK) 
fec^t per minute. 0»lnnui 1 
gives the nunibiT of rtjws of 
pipe in tlie heater, ranging 
fnnn 4 to 2U nnvs; anil cohnniis 2, 3, an*l 4, show tlie final tempera- 
ture to which die entt^ring air will be raised frtjui zero under various 
pressures. Under a [muntis pressuR^, ft»r example, the rise in tem- 
perature ranges frtmi 30 to 140 degrees; under 20 pounds, 35 to laU 
degrees; and unih-r HO pmrnds, 15 to 1 70 degrees. Cohnnns 5, fi, and 
7 give appmxiraately tlie corresjKintling efheiency of the heater. For 
example, air passing thniugh a heater H) pipes deep and earn ing 20 
pounds pressure, will 1)C raiswl to a temperature of 90 degrt^*s, and 
the heater will have an efficiency of 1,050 B. T, U, per s(|uarc foot of 
surface per hour. 




FlfT. liTO. Front VU*w ot Casrlron SwUonal 
Ueiitvr. TUt* n;iiik.v cif SeoO*»ils iire Ku- 
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TABLE XXX 

Data ConcenUiig Pipe HMtara 

Temperature of entering air, zero. — Velocity of air between the pipes, 
800 feet per minute. 





Temperature TO which Air will 


ErnciRNCT op Heating Surpacr inB.T.U.. 




BE Raubd PROM Zero 


PER Square Foot per Hour 


Rows or 






Pipe Dekp 


Steam Prenure in Heater 


Steam FreBsure in Heater 




5 lbs. 


20 11)8. 


60 lbs. 


511)8. 


20 11)8. 


60 lbs. 


4 


30 


35 


45 


1,600 


1,800 


2,000 


6 


50 


55 


65 


1,600 


1,800 


2,000 


8 


65 


70 


85 


1,500 


1.6.50 


1,850 


10 


80 


90 


105 


1.500 


1,650 


1,850 


12 


95 


105 


125 


1,500 


1,650 


1,850 


14 


105 


120 


140 


1,400 


1,500 


1,700 


16 


120 


130 


150 


1.400 


1.500 


1.700 


18 


130 


140 


160 


1,300 


1.4(K) 


1,600 


20 


140 150 

i 


170 


1,3(K) 1,4(K) 


1,600 



For a velocity of 1,(K)0 feet, multiply the temperatures given in 
the table by . 9, and the efficieneies by 1.1. 

Example. How many square feet of radiation will be required to raise 
600,000 cubic feet of air jxjr liour from zero to 80 degrees, with a velocity 
through the heater of 800 feet per minute and a steam pressure of 5 pounds? 
What must be the total area of the heater front, and how many rows of 
pipes must it have? 

Referring back to the formula for heat retiuireil for ventilation, 
we have 

(KKMKK) X SO _ ^72,727 B. T. V, miuirecl. 
55 

Referring to Table XXX, we find that for the alnne conditions a 

heater 10 pipers deep is nxjuired, and that an efficiency of 1,500 

079 797 

B. T. U. will l)e obtainetl. Then - -' wT = ^^ ''«1"»'* ^^^t of 

1 ,ouu 

surface required, which may be taken us 000 in round numbers. 

— *- — = 10,000 cubic feet of air per minute; and —^pipr =12.5 
GO oOO 

square feet of free area requireil through the heater. If we assume 

.4 of the total heater front to be free for the passage of air, then 

12 5 

— ^- = 31 square feet, the total area required. 
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For convenience in estimating the approximate dimensions of 
a heater, Table XXXI is given. The standartl heaters made by dif- 
ferent manufartiirers varj' somewhat, but tlie dimensions given in 
the table represent average practice. Column 3 gives the sc|uare 
feet of lieatint^ surface in a single row of pipes of the dimensions given 
in columns 1 and 2; and column 4 gives the free area between the 
pipes. 

TABLB XXXI 

Dimenftloits of Heaters 



Wtpm OF Skction 


Hkiort of Pirrs* 


Sqvaric Fkrt of 
SrrRFACK 


Fimii AftGA rnKouon 
Heatkr in 8q. Ft 


3 feet 


3 feet 6 inchea 


20 


4.2 


3 ** 


4 •• ** 


22 


4.8 


3 " 


4 *' t> '* 


25 


5 4 


3 *' 


5 '^ '* 


28 


6.0 


4 '' 


4 " 6 *' 


34 


7.2 


4 ** 


5 " *• 


38 


8.0 


4 *- 


5 '*. 6 '' 


42 1 


8.8 


4 " 


6 •• ** 


45 


9.6 


5 ** 


5 *' 6 '^ 


62 


11 


5 * 


6 " " 


67 


12.0 


5 " 


f> " 6 *' 


62 


13 


5 •' 


7 ** - 


G7 


14.0 


6 " 


e. - 6 ** 


75 


15,6 


6 " 


7 '' a " 


81 


16.8 


6 *' 


7 -* tj " 


87 


18.0 


6 " 


8 " ** 


92 


19.2 


7 '* 


7 *• 6 - 


98 


21.0 


7 " 


8 *' ** 


108 


22,4 


7 '* 


8 ^' 6 ** 


109 


23,8 


7 •' 


9-0 *^ 


116 


25-2 



In calculating the total height of the heater, a<kl 1 frnt for the 
base. 

These sections are made up of 1-inch pipe, except the last or 
7-foot sections, which are made of 1 J -inch pipe. 

Using this table in connection with the example just given, we 
should look in the last column for a se<?tion having a free area of 12,5 
square feet ; here we find that a 5 feet by 6 feet G inches section has a 
free opening of 13 scjuare feet and a radiating surface of 62 square 
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feet. The conditions call for 10 rows of pipes and 10 X 62 = 620 
square feet of radiating surf ace, which is slightly more than called for, 
but which would be near enough for all practical purposes. 

EXAMPLE FOR PRACTICE 

Compute the dimensions of a heater to warm 20,000 cubic feet 
of air per minute from 10 below zero to 70 decrees above, with 5 
pounds steam pressure. 

Ans. 1,164 sq. ft. of rad. surface 10 pipes deep. 
25 sq. ft. free area through heater. 

Use twenty 5 ft. by G ft. sections, side by side, which gives 24 
square feet area and 1,140 square feet of surface. 

The general method of computing the size of heater for any given 

building is the same as in the case of indirect heating. First obtain 

the B. T. U. ref|uired for ventilation, and to that add the heat loss 

through walls, etc.; and divide the result by the efficiency of the 

heater under the given conditions. 

Example. An audience hall is to be pro\'ided with 400,000 cubic feet 
of air per hour. The hoat los-? through walls, etc., is 250,000 B.T.U. per 
hour in zero woathor. What will Y)e the size of heater, and how many rows 
of pipe deep must it Ik?, with 20 pounds steam pressure? 

40(),()()()X 70 ^ .:i00.00() B.T.U. for ventilation. 

Therefore 2:)0,()(X) + 500,000 = 759,090 B. T. U., total to be supplied. 

We must next find to what temperature the entering air must 
he raised in order to bring in the required amount of heat, so that the 
innnber of rows of pipe in the heater may be obtained and its corre- 
sponding efficiency determined. ^Ye have entering the room for pur- 
poses of ventilation, 400,000 cubic feet of air every hour, at a tempera- 
ture of 70 dcf]^rees; and the pn)blem now l)ecomes: To what tem- 
perature must this air be raised to carry in 250,000 B. T. U. additional 
for warminixV 

We have learned that 1 B. T. U. will raise 55 cubic feet of air 
1 degree. Then 250,()(K) B. T. U. will raise 250,000 X 55 cubic 
feet of air 1 dc^gree. 

250,000 X 55 _ 34 . 
" 400,000 
The air in this ease must be raised to 70 + 34 = 104 d^rees, to provide 
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for J)otli vciitilatioH ami wsirmiit<i. RcftTriiif: to Taldf XXX, we fitid 
that a heater ]2 pipes il(0|> will Ik- ntiuired, ami that the ci>rre- 

spondinErpffirienrv of tht- he^ater will hv l,fir»0 B/r. I'. Tlirii 

^ 4<M) .sfjuarr foit of siirfjicr rr(|uiiv(l. 

Efficiency of Cast-iron Heaters. IltatiTs made up of imiin^ct 
pin radiators of the usual depth, have an etliciency of at leaM l,r>{K) 
B, T. U., with steam at 10 pounds pressurt*, and are easily eapahle of 
warming air from zero to Si) decrees or over when eompote'd 011 tliis 
hasis. The free space hetween the sect ions hears such a relation to 
the heating surface tliat ample area is providt^l fnr ihr llnw ctf air 
thrt>uf;h the heater, without pnMluciui^ au i*xcessi%e veli>eitv. 

The heater shown in Fig. 131) may Ix* counted on for an effi- 
ciency at least etpial to ilmt of a pipe heater j and in eoinpiiting the 
depth, one row of sections may he taken as representing 4 rows of 
pipe. 

Pipe Connections. In the heater shown in Fig. 135, all the 
sections take their supply from a cooimon hea<h*r, the supply pipe 
connecting with the top, and the rrturn heius^ fakt-ti fr<»m (lie lower 
di%'ision at tlie eiul, as shown. 

In Fig, 137 tfie hase is divi*h'd iiitM two parts, one for live steam, 
and the other for exhaust. The supply pipes connect with the uj>per 
compartments, and the drips are taken off as shown, Sepaiatf tra|js 
should be pn>vitle<l for the two ]>ressures. 

The connections in Fig. 130 are similar to those just described, 
except that the supply and return headers, or Imses, are rlraincil 
through separate pipes and traps, there being a .slight ililferi^nce in 
pressure lK*tween the two, wliieli is likely to interfere with the prop<T 
drainage if brought into the same one. This heater is arnmgcfl to 
take exhaust steam, but lias a eonnection for ft ruling in live steam 
tlirough a rcHluc^ng valve if desin^l, the whole heater being under one 
pressure. 

In heating and ventilating work where a close rt*giilation of 
temperature is rcfpiired, it is usual tf> divide the heater into several 
sections,dc pen* ling njmn its size, and to provide i^aeli with a valve in the 
supply and retuni. In making the divisions, special care should lie 
taken to arrange for as many combinations as possil)le* Fnr example, 
a heater 10 pipes deep may be made up of three sections^ one of 
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2 rows, and two of 4 row&each. By means of this division, 2, 4, 6, 8, 
or 10 rows of pipe can \>e used at one time, as the outside weather 
conditions may require. 

When possible, the return from each section should be provided 
with a water-seal two or three feet m depth. In the case of overhead 
heaters, the returns may l)e scaled by the water-line of the boiler or 
by the use of a special water-line trap; but vertical pipe heaters 
resting on foundations near the floor are usually provided mth siphon 
loops extending into a pit. If this arrangement is not convenient, a 
separate trap should l>e placed on the return from each section. 
The main return, in addition to its amnection with the lx)iler or 



L/y^ ST^AM 




eXHAUST STEAM 



Fig. 140. Ileator Made ITp of Interchangeable Sections. 



pump receiver, sliould have a connection wnth the sewer for blowing 
out when steam is first turned on. Sometimes each section is pro- 
vided with a connection of this kind. 

T^arge automatic air-valves should be connected with each 
section; and it is well to supplement these with a hand pet-cock, 
unless individual blow-off valves art* provided as described above. 

If the fan is driven by a steam engine, provision should be made 
for using the exhaust in the heater; and part of the sections should 
be so valved that they may be supplied with either exhaust or live 
ste&m. 
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Fig, 140 shf>ws an umiiignm'iit in which all of the* sections are 
interchaii;;i'al>Ic, 

Frciin oO to fiO s^iuare feet of mdiatitig siirfuce should be provided 
in ihe cxliaust portion of the heater for eaeh engine horse-power, 
ancl should be ilivided into at least three seetioos, so that it ean be 
proportioned to the re<|uirements of different outside temperatures. 

Pipe Sizes. The sizes of the mains ami branches may \k* ct>ra- 
putnl from the tables alrearly given in Part II, takinjx into aecnnnt 
tlie liii^her efficiency of tlie heater and the short rnns of pipin<^. 

Table XXX II, based on experience, has l>ecn Friund to gi%'e 
satisfactory results when the apparatus is near the boilers. If the 
main supply pipe is of considerable leuji^jth, its diameter should be 
cheeked by the method prevtously given, 

TABLE XXXII 
Pipe Sizes 



Squarr Fekt or SunrACi: 


DlAMKTEll 


OF 8tka« Pipk 


DiAHKTKH 


OF Ekturk 


150 


9 


inches 


1} incliea 


300 


2i 




n 




5f)0 


3 




2 




^ 700 


3 J 




2^ 




H LOOO 


4 




u 




^H 2.000 


5 






IIP 3,001» 


6 




3 


a 



Heaters of the patterns shown in Figs, 13.i, 13r>, and 137 are 
usually tapped at the factory for high or low pressure as desired, 
an«l these sizes may be followefl in making the pipe conne<*tions. 

The sizes marked on Fig. 13(i may be used for all ordinary work 
where the pressure runs from o to 2D pcnuids; for pressures alxjvc 
that, the supply coimections may l>e reduced one size. 



FANS 

Tliere are two tyf>es of fans in common use, known as the cm- 
trifugal fan or hlowtr, and the (fhc fan or propttler. The former 
consists of a nnml>er of straight or slightly cnrve<l blailes extending 
radially from an axis, as shown in Fig. 14L When the fan is in 
motifm, the air in contact with the blades is thniwn outward by the 
action of centrifugal force, and delivered at the circumference or 
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pcriphrry of the wlictL A partial vacuum is tlnis pnHlii(*e<l at the 

crntrr of ilie whct4, ami iiir fnmi the on tsi«ie flaw's in to take ilie 

place of tliMt which ha.s b<*cn'ilischarcje<L 

Fig. 142 illustrates the action of a centrifugal fan, the armws 

showing the path of the air. 

This type of fan is usually 

enclosed in a steel -plate 

casing of sueli form as to 

pn>vi«le for the free move- 

mint of the air as it es- 

eaj>es from the jHTipherv 

of the wheeL An ojKin'ng 

in tlu^ < iriumference of the 

casing serves as an outlet 

int(» the distrihuting thicts 

which earn' the air to Che 

various nM*nis to I>e venti- 

iateil 

A fan with casing, is 

shown in Fig. 143; and a 

comhined heater and fan, 

with direct H:*onnecte<l engine, is shown in Fig, 14-L 

The discharge t»|K'ning can he loeaie<l in any position desired, 

either up, down, top horizontal, Ixjttom horizontal, or at any angle. 

'\Miere the height of the fan njom is 
limitcil, a form called the threv-^juartrr 
homing may be used, in which .the lower 
piirt of the casing is replaced by a brick 
nr ceinented j)it extending l>f»Iow tlie fiix)r- 
levtl as shown in Fig. 145. 

Another form of centrifugal fun is 
shown in Fig. 14(). This is known as tlie 
CO fie /f^^ and is commonly plac<Hl in an 

Pig. 141 Illustrating Action oinniinsr in a brick w*alL and tlischarsres air 
AtTows shmv i\ie Path r.f fn>m its entire penpher\^ into a room ca le*J 

llio Air. r I 

a plaium chamhcr, with whicli the various 
distrihuting ducts connect. 

This fan is often made double In* placing two wheels back to 



Fig. in. Contrlfiiiral B%n or niower. 
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back and surroyndmt^ tljt'iii with a :iteel ciising in a similar manner 
to the one shmvn in Fi^. 14*3. 

Cone fans are particularly adapted to church and sehfxilhuuse 
work, as they are capable of moving hirge vohimes of air at moderate 
speeds. 

Fig. 147 shows a ft^rm of small direct-connec*tcHl exhauster com- 
monly usetl for %'entilating toilet-rooms, chemical hoo<ls, etc. 

Centrifiit^al fans are used almost exclusively for supplying air 
for the ventilation of buildings, and for foreeil-hlast limtiug. They 
are also useil as c^xhauste^s 
for rf-njoviiig the air from 
buildings iu eas(\s wh<Te 
I here is f^msiderable resist- 
ance cine to the small sixe 
or excessive length ut the 
discbarge fhiets. 

General Proportions. 
The geiiiTid form of a fan 
wheel is sbrnvn in Fig. 141, 
which represents a single 
spider wheel with curved 
blades. Those over 4 feet 
in tliamcter usually have 
two spiders, while fans of 
lai^ size are often pro- 
vided with three or more. 
The numljcr of floats or 
blades commonly v a r i e s 
from six to twelve, ilepeiiding upon the diameter of the fan. They 
are math* I Kith euned and straight; the former, it is elaimetb run 
more tpiietly, but, if curvetl too much, will not work so well against 
a high pressure as the latter form. 

The relative proportions of a fan wheel vary somewhat iu the 
case of different makes. The following are aventges taken from fans 
of different sizes as made by several well-known manufacturers for 
general ventilating and similar work: 

Width of fan at f^cnter = Diiinieter X .52 

Width of fan M peri met or = Width at center X .8 

Ilaoieter of inlet = Diameter of wheel X .68 



Fig* Ut. Ct;ntrirugat Fan with Casing. 




Pig. 1 14. Combined Healer anii Centrifugal Pan with Dlreci-Coiixiectfld ELgine. 




I 



Fig. 145» Centrifugal Fim In ' ThreeQuart«r Housing/' Used where Headroom U 
LimHed; Kxtra Space Provided by Fit under Floor-I«eyet 
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Fans are made both with double and with single inlets, the 
former being called hl&wcrs and the latter cxhaujskrs. The size of 
a fan is commonly expressed in inches, which means the appmximate 
height of the casing of a full-honsed fan. The diameter of the wiveel 
is usually exprc»ssed in feet, and can be fonnri in any given Ciuse by 
dividing the size in inches by 20. For example, a 120-ineh fan has a 
wheel 120 -r- 20 ^ T) feet in diameter. 



Fig, l*6u *"Coii«" Fan. Dlwliarpw* through Opeiilnj^ in Wall into a "Pleoutii rbambtT* 
C^Jiineotliitf wltU DiHirlbutiiJif Ducmk, 



Theory of Centrifugal Fans, The aetinn of a fan is aHeeted 
to such an extent by the various conditions under which it operates, 
that it is imi>ossiblc to give fixerl rules for <Ie(ermining the exact 
results to be expected In any particular instance. This being the 
case, it seems best to take up the matter brietty fnjm a theoi-etical 
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standpoint, and then show what conx?ftions are necessary in the 
case of a given fan under iK*tunl working conditions. 

There are various methods for deterniining the capacity of a 
fan at different s{x*eds, anil the power neci^ssary to drive it; each 
manufacturt^r ha.s his own fonnidic for this purpose, based u|K>n 
tests of his own particular fans. The methods given here apply 
in a genenil way to fans ha\ing proportiorts which represent the 
QVeragc of several standard makes; and the re^uhs obtained will be 



„# 



Fig. HT. Small, Dlrect-Coiiii<H;iod ExhaiiMor fi^r VenUlaUngT^Ucl-BnimH, Cb«miral 

|!tjKMls> etc. 

found to correspond well with those yl^taiiml in [inictice uiulcr 
ordinary comlitions. 

As alreaily stated, the rotation of a fan of this type sets in motion 
the air between the Ijktk-s, which^ by the action of centrifugal force, 
is delivcrec] at the periphery of the wheel into the casing siirn>unding 
it. As the vehicity of flow tlirough the discharge outlet depends 
\\\yim the j>ressure or head within the casi ng» and this in turn upon 
the velocity of the blades, it l>ec*>nies necessary to examine briefly 
into the relations existing between tliese quantities. 
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Presmrc, The pn'ssiirc ivfcrrcil to in connect ion with a fan, 
b that in tlie discharge outlet, anil represents the force which drives 
the air through the ducts and flues. The greivter the pressure with a 
given resistance in the pipes, the greater will be the volume of air 
delivered; and the greater the resistance, the greater the pressure 
rei|uired to deliver a given quantity. 

The pressure within a fan casing is causetl by the air being 
tlirown from the tips of the blades, and varies with the %^elocity of 
rotation; tliat is, the higher the speetl of the fan, the greater will \ye 
the pressure pro<Jucetl. Where the <limensions of a fan and casing 
art^ properly projxirtioned, the velocity of air-How through t!ie outlet 
will be the same as tliat of the tips of the blades, and the pressure 
within the casing will Ixr that corresponding to this velocity. 

Table XXXIII gives the necessar)^ spe^^d for fans of difTerent 
diameters to prcj< luce diflfertnit pressurt^s, aiirl also the velocity of air- 
flow due to these pressures. 



TABLE XXXIII 
Fan S{»eeds, Pressures, and VelocUies of Air-Flow 
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The application of this table will be made plain by a brief dis- 
Sion of blojst area. 

Blast Area, When the outlet from a fan casing is small* the air 
will pass out with a velority etjual to that of the tips r>f the blades; and 
the pressure within the casing will be that a>rres|x)nding to the 
tip velocity. That is, a 3-foot fan wheel n.*volvin>,' at a speed of 274 
revolutions per minnte will produce a pressure within the fan casing 
of J ounce pt^r square inch, and will cause a velocity of flow through 
the discbarge outlet of 2,585 feet per minute (see Table XXXIII). 
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Now, if the opening be slowly increased, while the speed of the fan 
remains constant, the air will continue to flow with the same velocity 
until a certain area of outlet is reached. If the outlet be still further 
increased, the pressure in the casing will begin to drop, and the 
velocity of outflow become less than the tip velocity. The eflFective 
area of outlet at the point when this change begins to take place, is 
called the blast area or capacity area of the fan. This varies some- 
what with different types and makes of fans; but for the common 
form of blower, it is approximately J of the projected area of the fan 

opening at the periphery — that is, — - — , in which D is the diameter 

of the fan wheel, and w its width at the periphery. It has already 

been stated under "General Proportions'* that IF = .522), and t^? = .8 

„. ,, , ., , DX.SWDX.8X .521> . , ,,, 
U ; so that we may write A = = = .14 D', 

in which A = the blast area, and D the diameter of the fan. 

As a matter of fact, the outlet of a fan casing is always made 
larj^er tlian the l)last area; and the result is that the pressure drops 
below that (hie to the tip velocity, and the velocity of flow through 
the outlet becomes less than that given in the last column of Table 
XXXIII for any given speed of fan. 

Efjccflve Area of Outlet. The size of discharge outlet varies 
somewhat for dittVivnt makes; but for a large number of fans ex- 
amined it was found to average about 2.22 times the blast area 
as computed by the above method. When air or a liquid flows 
througli an orifice, the stream is more or less contracted, depending 
upon the fonn of the orifice. 

In tlie ease of a fan outlet, the effective area may be taken as about 
.8 of the actual area. This makes the effective area of a fan outlet 
equal to .8 X 2.22 = 1 .78 times the blast area. 

Table XXXIV gives the effective areas of fans of different 
diameter as computed by the above method. That is. Effective 
area = .141)' X 1.78 = ,25D\ 

Speed. We have seen that when the discharge outlet is made 
larger than the blast area, the pressure within the fan casing drops 
below that due to the tip velocity; so that, in order to bring the pres- 
sure up to its original point, the speed of the fan must be increased 
above that given in Table XXXIII. 
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TABLE XXXIV 
Effective Areas of Pans 



Dia-Metkh or Fan, 


IS Fkkt 


EryKCTivE Area of Outlbt, ix 
9<1UARK Fkkt 


3 
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4 




'iM 


6 
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6 
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12.3 


8 




KkQ 
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20.4 
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25,2 



Tests upon a fan of jiractieally the same pri>p>rtioii,i as tlMi.se 
previously given, show that, when the etTeetive outlet area is made 
1.78 the hUist area, the speed must be increased 1.2 times in ortler 
to keep the pressure at the same point as when the outlet is equal 
to or less than the blast area. 

Capacifi/, The capacity of a fan is the vcJume of air disehaiged 

in a given time, and is usually expresseil in eu!>ie feet per minute. 

It is ecjual to the effective area of discharge mult l plied by the velocity 

of flow through it. 

Exnmph. At wlmt s|if'i'ii uiynr. a (>-foot fan lie run lo mainluin a pres- 
sure of I outiee, and what volume of air will be delivered per minute? 

Fnnn Table XXXIII we find that a 0-h_Hjt fan must run at a 
.spt'cd of 194 revolutions per minute to maintain the given pressure 
^"hen the ♦nitlet is eijual to the blast area, or 194 X 1 2 = 233 revo- 
lutions per minute under actual conditions. The velocity of Hi»w 
through the outlet at \ ounce pressure, is 3,<>53 feet per minute (Tal)lc 
XXXIII); antl the elfective area of outlet of a (t-foot fan is \) A stjuare 
feet (Table XXXIV). Therefore the volume of air delivered per 
minute is cH|ual to 9,1 X 3,(153 = 33,242 cubic feet. 

Example, It is desired to move 52^tMHJ euliic feet of air per 
minute at a pressure of } ounce. What size and speed of fan will 
be rt*c|uiredy I^ooking in Table XXXIII, we find that the velocity 
thnmgh the fan outh^t for }-t>uuce pressure is 2,5S5, which calls for 
an outlet area of 52,(MJ0 -r- 2,585 = 20.1 square feiH. Ixjoking in 
Table XXXIV, we find this corresponds very nearly to a 9-fot:>t fan, 
which IS the size called for. Referring again to TalJe XXXIII, the 
speed necessary to maintain tlie rtHpiire4l pressure under tlie given 
conditions is found It* In? 02 X I -2 =^ lit) revolutions |>er niinute, 
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Effect of Resistance, Thus far it has been assumed that the 
fan was discharging into the open air against atmospheric pressure. 
The effect of adding a resistance by connecting it with a series of 
ventilating ducts, is the same as partially closing the discharge outlet. 
Carefully conducted tests upon this type of fan have shown that the 
reduction of air-flow is very nearly in proportion to the reduction 
of the discharge area. That is, if the outlet of the fan is closed to 
one-half its original area, the quantity of air discharged will be prac- 
tically one-half that delivered by the fan with a free opening. The 
effect of attaching a fan to the ventilating flues of a building like a 
schoolhousc, church, or hall, where the ducts have easy bends and 
where the velocity of air-flow through them is not over 1,000 to 1,200 
feet per minute, is alxjut the same as re<lucing the outlet 20 per cent. 
For factories with deep heaters and smaller ducts, where the velocity 
nms up to 1,500 or 1,S()0 feet per minute, the effect is equivalent to 
closing the outlet at least 30 per cent, and even more in very large 
buildings. 

For schoolhouses and similar work a fan should not be run much 
above the speed necessary to maintain a pressure of f ounce at the 
outlet. Higher speeds are accompanied with greater expenditure of 
power, and are likely to proiluce a roaring noise or to cause vibration. 
A much lower speed does not provide suflScient pressure to give proper 
control of the air-distribution during strong winds. For factories, 
a higher pressure of | to J ounce is more generally employed. 

Actually the pressure is increased slightly by restricting the out- 
let at constant speed ; but tWs is seldom taken into account in venti- 
lating work, as volume, speed, and power are the quantities sought. 

Example. A school building requires 32,000 cubic feet of air per min- 
ute. What size and speed of fan will be required? 

If the resistance of the ducts and flues is equivalent to cutting 
down the discharge outlet 20 per cent, we must make the computa- 
tions for a fan which will discharge 32,000 -r- .8 = 40,000 cubic feet 
in free air. 

Looking in Table XXXIII, we find the velocity for f-ounce 
pressure to be 3,165 feet per minute; therefore the size of fan outlet 
must be 40,000 -^ 3,1G5 = 12.6 square feet, which, from Table 
XXXIV, we find corresponds very nearly to a 7-foot fan. 




Referring a^jain to Tal>le XXXIII, (lie required spctxl is f<aiiiJ 

to be 144 X 1 .2 = 173 revolutiuns per luiiuite. 

Ejcamph. A factory reciuires 21, OCX) rubit^ feet of jiir \wx mimtle for 
warming and ventilatirjif. What siite and spwd of fan will be retjuirod? 

21,000 -^ .7 =- 30,(KX), the volume to provide for with a fair 
discharging into free air. Assuming a pressure of I ounce, the veloc- 
ity will I>e 4,084 feet per minute, from which the area of outlet is 
found to be 30,0<>t) -^ 4,0S4 = 7.3 square feet. This, we find, iloes 
not correspond to any of the sizes given iti Talile XXXIV. As 
standard fans are not usually made in lialf-siKcs above 5 feet, we 
shall use a 5-fiK>t fan and run it at a higher speed. 

A 5-foot fan has an outlet area of 6,3 square feet, and at J-ounce 
pressure it would deliver 6,3 X 4,0S4 = 25J29 cubic fci^t of air per 
minute, at a speed of 2(30 X 1.2 = 312 revolutions jmt uiinute. 
The volinne of air delivere<l l>y a fan varies approximately as the 
sf>eetl; so, in order to bring the volume up to the n^tjuircd 31)4)00, the 
speed must be increased by the ratio 30,000 -^ 2o,729 = 1,16, 
making the final .speed 312 X L16 = 362 revolutions per minute. 
In the same way, a 0-foot fan could have been used and run at a 
proportionally lower spnML 

Power Required. The work dnue Ivy a fan in moving air is 
represented l>y the pressure exerted, Muiii plied />// tlie distance thmugh 
which it acts. 

Table XXXV gives the lu)rse-iK)wer re<|uireil Un moving the 
air which will How through each square foot of the effective outlet 
area, inider ditTcrent prcssurt-s. 

This table gives only the power necessary for morittfj the air, 
and does not take into consitleration the friction of tlie air in passing 
through the fan, nor that of the fan itself. 

The efficiency of a fan varies with tlic speed, the size (*( outlet, 

and the pressure against which the fan is wurking. Under favorable 

conditions, with properly proportioned faas, we may count on an 

efficiency of about ,35. 

Example. What horise-povver will be reciuircii to drive an S-foot fan at 
such a speed as to maintain a pressure of J ounce? 

An »S-foot fan has an outlet area of 16 square feet (Table XXXIV); 
and from Table XXXV we find that .5 horse-power is rcfjuircd to 
move the air which will flow through each square foot of outlet under 
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TABLE XXXV 
Power Required for Moving Air under Different Pressures 



Pbebsuke in Ounces per Square Inch 



H0R8R-P0WER FOR Moving Air which will 

Flow through Each Square Foot of 

Effective Outlet Area 



.18 
.33 
.50 
.70 



^-ounce pressure. Therefore the power recjuired to move tlie air 
alone is 16 X .5 = 8, and the total horse-power is 8 h- .35 = 23. 

Ejfect of Resistance. In the above case, it is assumed that the 
fan is discharging into free air. If a resistance is added, the eflFect 
is the same as partially closing the outlet, and the volume of air 
moved and the horse-power required are both reduced in very nearly 
the same proportion. This rtnluction, as already stated, may be 
taken as 20 per cent for schoolhouse and similar work, and 30 per 
cent for factories. 

For example, if the fan just considered was to be used for venti- 
lating a schoolhouse, delivering air under a pressure of ^ ounce, the 
necessary horse-power would be only 23 X .8 = 18.4. If used for 

a factory, delivering air under a pressure of § ounce, the recjuired 

1 f* \/ " 
horse-power would be — 7—-^ X .7 == 22.3. 

.3.) 

General RuUs. The methods al)ove descril)ed may be briefly 

expressed as follows: 

Capacity— Q = .1 X v X F, in which 
Q = ('ubic feet of air fxjr minute: 
A - EfTcctivc area of fan outlet (Table XXXIV); 
V = Velocity of flow through outlet; 

(3,165 (|-ounce pressure) for schoolhouses, etc.; 
^ (4,084 (f -ounce pressure) for factories; 
„ _ j .8 for schoolhouses, etc.; 
1 .7 for factories. 
Speed — Take the speed from Table XXXIII, corresponding to the given 
pressure and size of fan, and multiply by 1.2. 

HoiLSE-PowER — H.P. = ' ^3 , in which 

H.P. = Horse-power; 
A '--^ Effective area of fan outlet; 

p = Horse-power to move air which will flow through 1 square foot of fan 
outlet under given pressure (Table XXXV); 



HEATING AND W.NTILATION 



171 



1 ,33 for f»c!»ooll»ousei>^ eU*»; 
I »7 for fat'torit*s. 
j ,S for HchooUiousei^, etc; 
*7 for factories. 



EXAMPLES 

L A school house requires an air-supply of 30,000 cui>ic feet 
per minute. What will lie the retjuireil size of fan, its sj>eed, and 
the H, P, of engine to (lri%'e it? " f ^ ^*" "^ diarn«*ter. 

AxH. ' 173 r. p. m. 
J) UA\ 
2. Wliat will be the size and speed of fan, and horse-power of 
enpne, to heat and ventihite a faetnrj' requiring 1/)NO,000 eiihic ftTt 
of air per hour? fOft, in diameter* 

Ans. 



Gcfjfral Rflaiwjh^, The following general relations l>efween the 
volume ^ pressure, and power will often be found useful in ileeiding 
upon the size of a fan : 

(1) The volanip of jiir delivered varies flirfrthj as the speed of the fan; 
that h, doiihlitig tlie iiuird>er of revolutions doubles the votome of air de- 
livered. 

(2) The pressure varieB as the stjitare of the speed, P'or example^ if 
the speed is doutded, the pressure is increased 2X2 = 4 times; etc. 

(3) Tlic power required to run the fan varies as the cube of the speed, 
Thufip if the Fjxietl is doubled, the power reqtiirod is jocreased 2 X 2 X 2 — H 
times; etc. 

The value of a koowleilge of these relations may he ilhistratiHi 
by the following example: 

Suppose for any reason it were desired to double the volume of 
air delivered liy a certain fan. At first thought we might decide to 
use the same fan and run it twice as fast; but when we come to con- 
sider the power required, we shouUl find that this w^ould have to be 
increased *S times, ami it would prol: :,bly l>e mucli cheaper in the 
long nin to put in a larger fan and mn it at lower speed. 

Disc or Propeller Fans. When air is to be moved against a very 
slight resistance, as in the case of exhaust ventilation, the ilisc or pro- 
peller type of wheel may be usett This is shown in different fonns 
in Figs. 149 and 150. This type of fan is light in coustryctiou, re- 
quires l>ut little jM>wer ai low speeds, and is easily ereete<L It may be 
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conveniently placeJ in the attic ur uppiT story of a building, where 
it may l>e driven eitlier by a direct- or l)elt-conn<x*ted electric motor. 
Fi^. 14S shows a fan equipped with a direct-connected motor, and 
Fig. 151 the general armn^ement when a Wted motor is used. These 
fans are largely used for tlie ventilation of toilet and smoking rooms, 
restaurants, etc., and are usually mounted in a wall opening, as shown 
in Fig. 15L A damper should always l>e provideil for shutting off 
the opening when the fan is not in use*. The fans shown in Figs. 149 
and 150 are pn>vidnl widi jnilleys for belt connection. 



i^^ 



-IN'; 



.DOSW 



Pig. 148. Propeiler Fan DlrecKJonnected to Motor. 

Fans of this kind are often connected with the main %Tnt flues 
of large buildings, such as schools, halls, churches, theaters, etd 
anti are especially adapted for use in connection with gravity heating 
systems. They are usually run by electric motors, and as a rule are 
placed in positions where an engine could not be connet*ted^ and also 
in buildings where steam pressure is not available. 

Capacity of Disc Fans. The capacity of a disc fan varies greatly 
with the type and the conditions under which It operates. The rated 





apply to fans workintij against a resistance such as would Uv 
proihicocl by fonncctiii^ with a system of ducts of mefliiim Icnt^h 
througli which the air was drawn at a vclf>city not "greater than 60fJ 
or SfHJ feet per minute. T uder these conditions, a t^ofxl type of fan 
will pmf»cl the air in a direction parallel to the shaft a distance equal to 
about .7 of its diatneter at each revolution; and from (his we have 
the equation: 




174 



HEATTNC ANT) VEXTTT^ATTON 



in whit-'h 

Q = Cubit' feet of air discharged per minute; 
D — Diameter of fan, in feet ; 
R = Revoluticms per minute; 
A ^ Area uf fan, in wjnarta feet* 

In ortler to obtain tlie 
best results, the linear vtlocity 
of air-flow through the fiui 
should range from S0() U)\;2m 
frvi per minute. 

Table XXX\'I gives the 
revolutions pt*r minute ftjr 
fans of different diameter to 
produce a linear velfK'ity of 
1,(KX) feet» the volume deliv- 
ered at tills spee<b and the 
h o rse-po we r ret j u i red . 

The horse-power is com- 
puted by allowing .14 H. P. 
for eaeh 1,000 cubic feet of 
air moved, when the velocity 
through the fan is KOO feet 
per minute; .l(i II. P. fur 
l.OtX) feet velocity; and .IN IL P. for 1,2(X) feet velocitj^ These 
factors are empiricab ami baMnl on tests. 



F i g. 1 fii). Propelk-r Fan wi i b Wliwl on S haa 
for Helt Cnuneftioii. 




I'lg. 15L Fan BeU-Connected to Motor. 

Example, Assuming a velocity of 800 feet per minute tlir(iuj;li a 4'foal 
fan, what volume will be delivered per minute, and what speed and horse- 
power will he required ? 




TABLE XXXVI 
Disc Fans, their Cajwcity, Speed, etc. 



DtA or Pax, in 
Imcmm 


Rev, miR MtH. 


Cubic Fkkt or Am 

MOVKD 


HajuH&*PowBii 


IS 


952 


1,700 


.27 


24 


710 


3,100 


j .50 


30 


S72 


4.900 


.78 


3fj 


476 


7,100 


L2 


42 


408 


9,400 


K5 


48 


343 12,000 


1.9 


64 


317 


15,800 


2.5 


eo 


286 


19,400 


3,1 


72 


238 


28,300 


4,5 



The area of a A-Uyoi fan h 12.5 square feet; and at SOO velocity 
the volume would hv 12.5 X M¥> - 1(I,(>(M) culiie feet. Next solve 
for the speed by the ec|uation Q — .7l> X R X -I, whieh, wlien 
transposed, takes the foriTi 

;?- q ■ 

''^ J Dx A 

Substitnting the known quantities, we have: 

10.000 



i2 = — 



: = 2m. 



,7 X 4 X 12.5 

The horse-power is 10 X .14 = 1.4. 

Fan Engines. A .simple, qiiiet-nmnin^ engine is desirable 

for use in eonuectiou witli a fiui or l>U>wer. The en'nne mav l>t* eitluT 

f^ ♦ 

horizontal or vertieul; and for schoolhouse and similar work, should 
he pnvvide*! with a lar^e cylimler, so that the rcfpiired ptiwer may 
l>e developed without carrying a boiler pressure mueh al)o%*e ."^O 
pounds. In some ea.ses, cylinders of such size are useil that a iMiiler 
pressure of 12 or 15 pounds is sufficient. The f|naiitity nf steam 
which an engine consumes is nf minor importance, as the exiiaust can 
be turned into the coils and used fnr hi^aling ]»ur|M)scs. If s]vace 
allows, the engine sliould always l>e iR^ltt^l to the fan. Where it is 
direct-connecter! , as in Fig. 144, there is likely to be tnaible from 
noise* as any slight looseness or pounding in the engine will Ir> com* 
muuicated to the air-ducts, and the sound will U^ carried to the rcjoms 



j 




Tig. 152 A Common Forro of Fan Kugrtne. 

and protected from dust and grit. A liorizontal engine for fan use 
is sliown in Fig. 154. 

In case Jin engine is hclted* the distance lietween tlie shafts of 
the fan and engine should not in general be much less than 10 feel 




Fig. 154. Horlzcmial Eogloe for Pan U&e. 

Area of Ducts and Flues, With the blower tjpe of fan, the size 

of the main rlucts may l>e based on a velfKnty of l,2fKi to 1,5()0 ftx^t per 
minute; the branches, on a velocity of 1,(XX) to 1,200 feet per minute, 
Mnd as low as WJO to 800 feet when the pipes are small Fine veloci- 
ties of 500 to 700 feet per minute may be used, although the low^er 
velocity is preferable. Tlie size of the inlet regjister should he such 
rhat the velocity of the entering air will not exceeil about 3(X» feet per 
minute. The velocity between the inlet windows and the fan or 
heater should not exceed alwut 800 feet. 

The air-<!uets and flues are usually made of galvanized iron, the 
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ducts beiri»T: run at the ba^sement ceili 



iig. 



No. 20 am! No. 22 iron 



COLD A/J? ff^LET WmO0WS 



is usc<I for the larger sizes, and No. 24 to No. 2N for the siiialler. 

Rcgxilatirig dampers should 
W |jIat'iMl ill the Iminches lead- ^ 
ing to eaeh flue, for increasing or 
reducing the air-supply to the 
different rooms. Adjnstaljle de- 
flectors are often phicetl at the 
fork of a pipe for the same pur- 
pose. One o^ these is shown in 
Fig. 155. 

Fig. 150 illustrates a com- 
mon arrangement of fan and 

heater where the type of heater pi^^,,^^ A,i.iii.stiibieDefl.^Ptnr Placed at Fork 
shown in Fig. 138 is used; and of fuxuc. u.^mhit. Air.s«jn>iy. 

Fig. 157 is a self-contained apparatus in which the heater is inclosed 

in a steel caning. 

Factory Heating. Tlie application of forced blast for the 

warming t>f factories and 
shops, is shown in Figs. 
158 and 159. The pro- 
portional heating surface 
in this case is generally 
expressed in tlie number 
of cnliic fwt in the 
building for each linear 
fw>t of 1-inch steam 
pipe in^ the heater. On 
this basis, in factory 
practice, with all of tlic 
air taken from out of 
doors, there are generally 
allowtn! from 100 to \m 
cubic feet of space per 
foot of pijx?, accon^Iingas 
exhaust or live steam 

is uscil, live steam in this case indicating steam of alM>ut 80 

pounds pressure. If practically all the air is return*.^ from tlie 
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Fig. 156. Commnti ArratiK<»m<»nt fjf Fan witli Heater 
nf Type Shown In FM- VS^. 




heaters in TaliU* XXXI may l>e chaiigeil to linear feet of 1 inch pipe 

by nardtiplying the numljers in eolumii three (sdiiarr f<-t*t of surface) 
by three. 





Fig, ISO. Genirlfugal Blower ProduclDg Forced Blast for Heating a Shopv 
2. FirnI tlu' size of hlnwcr, engine, and heiiter for a factory 
2(X) feet lung, <J0 feet wi(ii% anti having 4 storiea, eadi 10 feet high, 
using live sienm at 80 pounds pressure in the heater, and changing 
the air every 20 minutes by taking in coltj air from out of doors. 

(nfoot blower. 
Aks. 
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In using this methof! of computation, judgment must be rmployeil, 
which can come only from ex|x"rienee. The figures given are for 
avcmge comhtions of constniction and expo.su re. 

Double=Duct System • The varying exjiosures of the n>oms of 
a school or other building similarly f>c'cupieil, rcnjuire that more heat 
shall be supplied to some tlian to others* Rooms (hat are on t!ie 
south side of the building and exposed to the sun, may ptTliaps l>e 
kept ]K^rfectIy comfortable with a supply f>f heat that will maintain 
a temperature of only 50 or tHJ degrees in rooms on the opposite side 
of the buiUling which are exposed to high winds an<l shut off from the 
warmth of the sun. 



■E. 



ly^r 




Pig. 160. Uoi-Blast Apparatus wltu Double Dir-i fur Supplying Air *i DUTerent Temper- 
atures to Dinereot Parta of a Bulldliig. 

\Vith a constant and erjual air-supply to eacii room, it is evident 
that the temperature must be directly proportional ti* the cooling 
surfaces and exposure, anil that no Imihhng of this character can be 
properly heated and ventilateti if the temperature cannot Ir* varied 
with<»ut affecting the air-supply. 

There are two methods of overcoming this difficulty: 
The tjlder arrangement consists in heating the air liy means cvf a 
primary coil at or near the fan, tx) about 00 degrees, or to the mininuim 
temperature rt^|uire*I within the buihiing. From the coil it passes 
to the bastes of tlie various flues, and is there still further licattH.1 as 
rixjuiivd, by secondary or supplementary heaters placed at the base of 
each Hue. 
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With the sec^ond and more recent method , a single heater is 
employed, anti all the air is heated to the maximum required to 
maintain the deisireil temperature in the most exposed roomis, wliile 
the temperature of the other rooms is regulated by mixing with the 
hot air a sufficient volume of cold air at the bases of the diflerent flues. 
This result is l>est accompliiahed by designing a hot-blast apparatus 

so that the air shall Ix' 
forced, rather than drawn 
through the heater, and 
by providing a by-pass 
through whicli it may 
be discharged without 
passing across the heated 
pipes. 

The passage for the 
cool air is usually alK>ve 
and separate from the 
heater pipes, as shown in 
Fig. 100. Extending 
from the apparatus is a 
double system of ducts, 
u s u a 1 1 y of galvanized 
iron, suspendetl from the 
ceiling. At the base of 
each fine is placed a mix- 
ing dam(>er, which is 
controlled by a chain 
from the room above, 
and so designed as to 
admit either a full vol- 
ume of hot air, a full 
volume of cool or 
teinpernl air, or to mix them in any ilesired ]>roportion without affect- 
ing the resuitiijg total volume delivered to the room. A damper o 
this form is shown in Fig. 16L 

F"ig. lt>2 shows an arrangement of disc fan and heater where the 
air is first *Ira\vii tlirougli a temi>cring coil, then a p<>rtion of it forced 
through a second heater and into the warm-air pipes, while the renmin- 



pig. 161. MUln>? TJamiJ«r for Ite*fiilat ins T»nnp<'rature 
uf Air SuppUtH] by Doulile Duct System. 






tJampcTs iin« placed at the basses of the flues as already describetl, to 
rcgukite the temperature in ditfereut rooms* 
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ELECTRIC HEATING 

Unless electricity la produced at a very low cost, it is not com- 
mercially practicable for heating residences or large buildings* The 
electric heater, however, tias tjuitc a wide field of application in hc^iting 
Miudl officer, l>athrtM>m>», electric cars, etc. It is a convenient methinl 
fif warming rooms on cold mornings in late spring and early fall, 
when furnace or steam heat is not at hantl. It has the special advan- 
tngc of lieing instantly availal>lv, ami t lie amount of heat can l>e regu- 
lated at will The hea.ters are jKTfeelly clean, do not vitiate the air, 
and are iK>rtal>lc, 

Electric Heat and Energ} . The (ummenial unit for eleclrieity 
is one watt for one Iionr, ami is ctiual to H,41 B. T* I". Eletlrieity is 
usually s*>ld i»n the basis of ] ,(MX) watt-hours (calletl Kihiratt-hourjf), 



Fig. tea. Electric Car-Healer. 

which is equivalent to 3,410 B, T. U. A watt is the product obtained 
by multiplying a current uf 1 ampere by an electromotive forcy of I 
volt. 

From the aix»ve we see that the B. T. U. required per hour for 
warming; divi*led by 3,410, will give the kilowatt-hours necessarj" for 
supplying the ref[uired amount of heat. 

Construction of Electric Heaters, Heat is obtainetl frt»m the 
electric current by placing a greater or less resistauet* in its path. 
^^arious forms of heaters have been eniploytnL Some of the simplest 
consist merely of coils or loops of iron wire, arrangetl in parallel rows, 
so that the current can lie passinl through as many colls as are neiHied 
to provide the rt^juired amount of heat. In other forms, the heating 
material is surrounded with fire-clay, enamel, or asl>estos, and in some 
cases the material itself lias bpcn such as to give Cfvusiderable resist- 
ance to the eiirrent, A form of electric car-heater is shown in Fig. 1(33. 
Fonns of radiators are shown in Figs, 164 and 165, 





HEATING AND VENTILATION 



Calculation of Electric Heaters. 

latioo of t'lrrtrie heattTs is 
11 -^ P R t X ,24, 
in whirh 

// — Heat, in ralont»s; 

/ ^ <*urren^ m amperes j 
/? = Itcsiwtnnee, in ohrn^; 

/ = Time, in ticn>nci«i, 

Exnmpleii, What res is! an ro must :in 
eleetrie heater have, to give ntt 6»(MX) H, 
T, V. per hour, with a trurreiif of 20 am- 
peres ? Fl*j. H5I. Ek*f trie KrttllatMr. 

\Vr have leartittl that 1 It. T, l*. =- 2ri2 ralorirs; so, in the 
present ca^se, 0,(KX) X 252 = 1,512,000 ralories must he prnvhled. 
Suhstitiitiijg the known vahies in the formula, we have 
U,^l 2,000 = 20' X H :< 3,C»00 X .21, 
from whieh 

^ ^ 1,512,000 

A Ileal er having a rcsistanre of 3 ohms is tn supply 3,0rM> B. T. r> per 
hour. What current will he required? 




Ftp. Iflfi. Auorher Form of Electric Radiator. 

3,000 X 252 = 75f^O(K) ealories. Suhstitutin^ the known vahies in 
the formula, and solving for /, we liave 

7r»r»,f>00 - /- X 3 X 3,600 X .24, 

from w*hich 

/ ^ r 291Ji = 17 + amperes. 
Connections for Electric Heaters. The method of wiring for 
electric heaters is essentially the same as for lights whieh rinjuire the 
same amount uf curretit. A eonistaot eleetromoti\e force or voltaire 
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is maintained in the main wire leading to the heaters. A much less 
voltage is carried on the return wire, and the current in passing through 
the heater from the main to the return, drops in voltage or pressure. 
This drop provides the enei^y which is transformed into heat. 

The principle of electric heating is much the same as that in- 
volved in the non-gravity return system of steam heating. In that 
system, the pressure on the main steam pipes is that of the boiler, 
while that on the return is much less, the reduction in pressure occur- 
ring in the passage of the steam through the radiators; the water of 
condensation is received into a tank, and returned to the boiler by a 
pump. 

In a system of electric heating, the main wires must be suffi- 
ciently large to prevent a sensible reduction in voltage or pressure 
between the generator and the heater, so that the pressure in them 
shall be substantially that in the generator. The pressure or voltage 
in the main return wire is also constant, but very low, and the genera- 
tor has an office simihvr to that of the steam pump in the system just 
described — that is, of raising the pressure of the return current up 
to that in the main. The power supplied to the generator can be 
considere<l the same as the boiler in the first case. All the current 
which passes from the main to the return must flow through the heater, 
and in so doing its pressure or vohage falls from that of the main 
to that of the return. 

From the generator shown in Fig. 166, main and return wires 
are nm the same as in a two-pipe system of steam heating, and these 
are proportioned to carry the required current without sensible drop 
or loss of pressure. Between these wires are placed the various 
heaters, which are arranged so that when electric connection is made 
they draw the current from the main and discharge it into the return 
wire. (Connections are made and broken by switches, which take the 
place of valves on steam radiators. 

Cost of Electric Heating. The expense of electric heating must 
in every case be great, unless the electricity can be supplied at an 
exceeilingly low cost. Estimated on the basis of present practice, 
the average transformation into electricity does not account for more 
than 4 per cent of the energy in the fuel which is burned in the furnace. 
Although under l)est conditions 15 per cent has been realized, it 
would not be safe to assume that in ordinary practice more than 5 
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per cent could be transformal into electrical energy. In heating 
with steam, hot water, or hot air, the average amount utilized will 
probably be about 60 per cent, so that the expense of electrical heating 
b approximately from 12 to 15 times greater than by these methods. 

TEMPERATURE REGULATORS 

The principal systems of automatic temperature control now in 
use, consist of three essential features; First, an air-compressor, 
reservoir, and distributing pipes; second , thermostats, which are 




Fig. 166. (ieneral System of Wiring a House for Electrii- Hoatiim. 



placed in the rooms to be regulated; and third, special diaphragm or 
pneumatic valves at the radiators. 

The air-compressor is usually operated by water-pressure in 
small plants and by steam in larger ones; electricity is used in some 
cases. Fig. 1G7 shows a form of water compressor. It is similar 
in principle to a direct-acting steam pump, in which water under 
pressure takes the place of steam. A piston in the upper cylinder 
compresses the air, which is stored in a reservoir providwl for the 
purpose. When the pressure in the reservoir drops below a certain 




Fijj. 187. Air*Compr<*Rfior OpprntM by Wa* 
lBr-Presaiir*% Autcimatlfally OmirolkHl, 
and OperntinK io liejjulat*^ Tftniiieralurti 
by cvmtrolllng ilaaiiiiur Valves, 

ture of the air in which it is placed. Fig, K)R shows a thermostat 
in which the valves arc opcratetl by the expansion and contraction 
of tlic tnctiil strip E. The tlot^rce of temperature at which it acts 
may !>e ailjnstefl hy throw in «,; the point it at the lK>ttom one w^ay or 
the other. Fig. 109 shows tlie same thermostat witli its ornamental 
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casing in place. The tliermostat shown in Fig. 170 operates on 

a somewhat different principle. It consists of a vessel separated into 
two chaml>ers liy a metal diaplirati^oK 
One of these chambers is partially 
filletl with a liquid which will Ixjil 
at a temperature Ijeiow that desired 
in the room. The vapor of the 
liquid produces consitlerable pres- 
sure at the normal temperature of 
the room^ and a sli^iit increase of 
heat crowds the diaphrat^ni over 
and of>erates (he small valves in a 
manner similar to that of the metal 
strip in t!ie case just descril>ed. 

The general fonu of a (Ha- 
phrar^m valve is shown in Fi^. 17L 
These replace the usual hand -valves 
at the radiators. They are similar 
in construction to the ordinary 
globe or angle valve, except that 
the stem slides up and down in- 
stead of being threadetl anrl run- 
ning in a nut. The top of the stem 
connects with a Hat plate, which 
rt^sts against a rubl^er diaphrai^^m. 
The valve is held open by a spring, 
as shown, and is elosetl by admit- 
ting compressed air to the space 
above the diaphragm. 

In connecting up the system, 
small concealed pipes are earrie4l 
from the air-reser\'oir to the ther- 
mostat, which is plaecnl upon an 
inside w*all of the nnnu, and fn>m 
tliere to the diaphragm valve at 
the radiator, \\Tien the temperature of the room reaches the maxi- 
mum point for which the thermostat is set, its action opens a small 
valve and admits air-pressure to the diaphragm, thus closing off the 
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steam from tlii' riirliutur. Whun (ht* U'liiperaturt^ fulls, the tluTmustat 
acts in tlu^ *>p[x>site maiiiier» anil shuts off the air-pressure from tlie 
diaphnigio va!vt% at the same fime opening a small exhaust which 
allows the air al)ove the diaphnij^m to escape. The pr^^ssure l>eing 
removLMK the valve o|>ens and a^ain admits steam to the ra ilia tor, 

Diaphragin Motors. I hampers are operated pneumatiadl)' in 
a similar manner to steam valv^. A diaphragm motaTt so called, is 
actcnl U|K>n l>y the air-pressure; and this lifts a lever which is projx^rly 
eoiineeteil to the damper hy means of chains or levers» thus seenring 
the desired movement. 

Dampers, \\]wn mixint; dampers are operated pnenmatieally^ 
a specially designed thermostat for ^'ivin^ a graduated movement 






Pi^f. 17(1 Thi^rniostfit O^M^rattug r hrnu|?h Exptinslmi or t'ontrftctlon of ihe Vftp<*r 
of a VnhiUle Lkium 

to the damper slioidd he use<L By this arrangement the dam()er 
is held in such a position at all times as to admit the pniper pn*poilions 
of hot and cold or tempered air for producing the desire^l temperature 
in the room with %vhieh it is connecteth 

Lari^e dampers which are to be operaterl pneumatieally, should 
be made up in sections or louvres. Dampers constructed in this 
manner are handled much more easily than when made in a .single 
piece. 

It often happens, in large plants, that there are valves and 
dampers in places which are not easily reached for hand manipula- 
tion. These may be provided with diaphragms and conncctt^ with 
the air-pressure system for operation by hand-switches or cocks 
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conveniently IfH'ated at snirie centraf point in thf basement or boiler 
room. 

Teleljiennoineter, Thii? is a ileviee for indicating on a dial 
at some central point the temperature of various rooms or ducts in 
different parts of a building. A special tramfmitier is placed in each 
of the rooms and electrically ctmnected with a central switchlM>aNL 
Then, by means of suitable switches, any room may be thrown in 
circuit with the recordtr, and the temperature existing in thq nnmi 
at that time reail fnim die diah 





Fig, 171, Exierlor View, and .Section Sliowlug Interior Met-haalsuj nf Diaphragm Valve. 



Humid ostat* The kumidmtat is a device ti* bt- plactn! in one or 
more rooms of a Iniilding fur maintaining an even percentage of 
moisture in the air. The apparatus consists of two essential [larts — 
the humidosiai and the humidifer. The former corresponds to the 
thermostat in a system of temperature control, and operates a pneu- 
matic valve or other mechanism connected with the humidifier wheii 
the percentage of moisture rises above or falls below certain limits. 
The operating medium is comjiressed air, the same as for tempera- 
ture control; and the two devices are usually connectecl with the same 
pressure system. 



194 HEATING AND VENTILATION 



r 



The normal moisture of a rtJOin is 70 i>er c-ent, and should never 
exceeil that. In cold weather it will l>e necessary to reduce tlie 
amount of moisture somew^hat^ owing to the ''sweating" of walls and 
windows. 

The method of moistening the air will depend somewhat upon 
circumstances. If the air for ventilation is delivere<l to the rooms at 
a tem|KTature not exceeding 70 degrees, the humidifier is l>est placed 
in the main air-duct. If the air enters at a higher temjierature, the 
himiidifier must be located in the same room with the humidostat. 

Tlie moistener or humidifier may l>e of any one of several forms* 
Where steam heating is usetl, and where the steam is clean and odor- 
less and free from oil from engines, a perforated pipe (or pipes) in the 
air-<liict is the simplest ami l>est humidifier. The outlets are properly 
adjusted, and then the humidostat shuts off and lets on the steam 
as retjuired* Sometimes a water spray, particularly of warm water, 
may he usetl in place of steam, Wnen neither steam jet nor water 
spray is advisable, an evaporating pan containing a steam coil may 
be used, the humidostat controlling the steam to the coil, and the 
water-level in the pan being kept constant by means of a ball-cock. 

AIR-FILTERS AND AIR-WASHERS 

In cases w^here the air for ventilating purposes is likely to contain 
soot or street dust, it is desirable to provide some form of filter for 
purifying it before delivering to the rooms. If the air<juantity is 
small and tliere is plenty of room Ijetween the inlet window^s and 
the fan, screens of light cheesecloth may be used for this purpose. 
The cloth should be tacked to light but substantial wootlen frames, 
which can be easily removed for frequent cleaning. These screens are 
usually set up in **saw-tootli" fashion in order to give as much sui^ 
face as possible in the least space. 

Another arrangement, used in case of large volumes of air, 
is to pro^'ide a number of light cloth bags of consideral>Ie length, 
through which the air is drawn before reaching the heater. These are 
fastened to a suitable frame or partition for holding them open. The 
great objection to filters of this kind is their obstruction to the passage 
of the air, especially when filled with dust, the frequent intervals at 
which they should be cleaned, and the great amount of filtering sur- 
face required. 
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An apparatus which is 
coming tjiiite generally into 
use for this purpose, and 
which iliws away w-ith the 
disadvantages noted above, 
is the sfrmj fitter or air-- 
washer^ one form of which 
is shown in Fig. 172. Air 
enters as indicated, and 
first passes through a tem- 
pering coil to raise it ahove 
the freezing point in win- 
ter weather; tltcn passes 
through tlie si>ray-chaml>cr, 
where the dirt is n^nioved; 
then through an eliminator 
for removing the w^ater; 
and then through a second 
heater on its way to the 
fan. 

The wa ter is for c e d 
through the spray-heads 
by means of a small cen- 
trifugal piimp» either iR^ted 
to the fan shaft or driven 
by an independent motor. 

HEATINQ AND 
VENTILATION OF 
VARIOUS CLASSES 
OF BUILDINGS 

The different methods 
usetl in lieating and venti- 
lation, together witli the 
manner of compnting the 
various pro]K>rtions of tlie 
apparatus, having been 
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taken up, the application of these systems to the different classes 
of buildings will now be considered briefly. 

School Buildings. For school buildings of small size, the furnace 
system is simple, convenient, and generally effective. Its use is con- 
fined as a general rule to buildings having not more than six or eight 
rooms. For large ones this method must generally give way to some 
form of indirect steam system with one or more boilers, which occupy 
less space, and are more easily cared for than a number of furnaces 
scattered about in different parts of the basement. As in all systems 
that depend on natural circulation, the supply and removal of air is 
considerably affected by changes in the outside temperature and by 
winds. 

The furnaces used are generally built of cast iron, this material 
being durable, and easily made to present large and effective heating 
surfaces. To adapt the larger sizes of house-heating furnaces to 
schools, a much larger space must be provided between the body and 
the casing, to permit a sufficient volume of air to pass to the rooms. 
The free area of the air-passage should be sufficient to allow a velocity 
of about 400 feet per minute. 

The size of furnace is based on the amount of heat lost by radia- 
tion and conduction through walls and windows, phis that carried 
away by air passing up the ventilating flues. These quantities may 
be computeil by the usual methods for *'loss of heat by conduction 
through walls," and *'heat required for ventilation.*' With more 
regular and skilful attendance, it is safe to assume a higher rate of 
combustion in schoolhouse heaters than in those used for warming 
residences. Allowing a maximum combustion of 6 pounds of coal 
per hour per square foot of grate, and assuming that 8,000 B. T. U. 
per pound are taken up by the air passing over the furnace, we have 
6 X 8,000 = 48,000 B. T. U. furnished per hour per square foot of 
grate. Therefore, if we divide the total B. T. U. required for both 
warming and ventilation by 48,000, it will give us the necessary grate 
surface in scjuare feet. It has l>een found in practice that a furnace 
with a firej)ot 32 inches in diameter, and having ample heating surface, 
is capable of heating two 50-pupil rooms in zero weather. The sizes . 
of ducts and flues may be determined by rules already given under 
furnace and indirect steam heating. 

The velocity of the warm air within the uptake flues depends . 



tjjHin their height and the ditrerence in temj:>erature l>ctvvecii the 
wanii ijir within the flues ami the cok! tiir oiilside. The action of 
the wind also affects the veioeity of air-flow. It has been foiini! by 
experience that Hiws liavint; sectional areas of alwitit square feet for 
first-flm>r rooms, '> sijnare feet fur tiie second fltKn;, antl 4^ stjuarc feet 
tor the tin'nl, will be of ample size for standard classrooms seating 
from 40 to oO pupils in primary aiul grammar schools. These sizes 
may be used for Ijoth furnace and indirect gravity steam heating. 

Tlie vent flues may be made 5 scjuare feet for the first floor, and 
6 sc|uare feet for the second and third floors. They may be ar- 
ranged in banLs, and carrietl tlirougli the roof in tlu* ft>iTn of large 
chimneys, or may be carried to the attic space ami there gathered 
l>y means nf gal van i zed-iron ducts ii)nnt*cting with mof vents of - 
wood or copper construction. 

In onfer to make the vent lines *Mraw" sulhcieiitly in mild or 
heavy w^eutlu*r^ it is necessary to provide sonu* means for warming 
the air within them to a temperature somewhat above that of the 
rooms with which they connec^t. This may be done l>v phicing a 
soudl stove made specially for the purpjse, at the base of each flue. 
If this is done, it is necessary to carry the air down and connect with 
the flue just l>t4ow the stove. 

The cold-air supply duct to each furnace should be made J 
the size of idl tlie warm-air flues if free from bends, or the full 
size if obstructetl in any way. 

The iidet and laitlet o]>eniugs frnm the rooms into the ttuvs, arc 
commonly provitled with grifles of irou wire having a mesh tjf 2 to 2\ 
inches. Both flat and square wire arc useii for this purpose. Mixing 
dampers for regulating the temperature of the rooms sliouid be pro- 
vided for each fliu\ The efl'ectiveuess of these dampers wilt de|K^nd 
largely upon tlieir const met i4>n; and they should be uuide tight 
against cold-air leakage, by covering the surfaces or flanges against 
which they close with some form i»f aslicstos felting. Both inlet and 
outlet gratings sIkjuUI be provided witli adjustable dampers. t_)nc of 
the disadvantages of this system is the delivery of all the heat to the 
room fmm a single jx>intj and this not always in a position lo give the 
best results. Tlie outer walls iire thus left nnwarmed, except as the 
heat IS ihtfused throughout the n>om iiv air-currents. When there is 
considerable glass surface, as in most of our modern schoolnxuns, 
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draughts and currents of cold air are fretjuently found along the out- 
side walls. 

The indirect gravity system of steam heating comes next in cost 
of installation. One important advantage of this system over furnace 
heating comes from the ability to place the heating coils at the base 
of the flues, thus doing away with horizontal runs of air-pipe, which 
are required to some extent in furnace heating. The warm-air 
currents in the flues are less affected by variations in the direction and 
force of the wind where this construction is possible, and this is of 
much importance in exposed locations. 

The metho<l of supplying cold air to the coils or heaters is im- 
portant, and should be carefully worked out. The supply should l>e 
taken from at least two sides of the building, or, if jx)ssible, from all 
four sides. When it is taken from four sides, each inlet should be 
made large enouf;h to supply one-half the amount, or, in other words, 
any two should give the total quantity required. It is often possible 
to arrange the flues in groups so that all the heating stacks may be 
placed in two or more cold-air chambers, depending upon the size 
of the building. A cokl-air tnmk line may be nm through the center 
of the basement, connecting with the outside on all four sides, and 
having branches supplying each cold-air chaml)er. 

Cast-iron pin-radiators are particularly adapted to this class 
of work. 

The School-Pin, having a section about 10 inches in depth and 
rated at 15 scjuare feet of heating surface per section, is used quite 
extensively for this purpose. Stacks containing about 240 square 
feet of surface for southerly rooms, and 2()0 for those h<aving a north- 
erly exposure, have been found ample for ordinary conditions in zt»ro 
weather. 

A very satisfactory arrangement is the use of indirect heaters 
for warming the air needed for ventilation, and the placing of direct 
radiation in the rooms for heating purposes. The general construc- 
tion of the indirect stacks and flues may be the same; but the heating 
surface can Ik* reduced, as the air in this case must be raised only to 
70 or 75 degrees in zero weather, the heat to offset that lost by con- 
duction, etc., through walls and windows being provided by the 
direct surface. The mixing dampers may l)e omitted, and the tem- 
perature of the room regulated by oj)ening or closing the steam valves 



on the direct coib, which should Ijc done imtomaticallv. Tlie direct- 
heating surface, which is l>est made up of lines of Ij-inch pijic, should 
be placed along the outer walls Ix^neath the windows This supplies 
heat where most needed, and does away with tlie tendency to draughts. 
In mild weather, during the spring and fall, the indirect heaters may 
prove sufficient for lx>th ventilation and warming, 

Wiere direct radiation is placed in the rooms, the quantity of 
heat supplied is not affected by varying wind conditions, as is the 
case in indirect heating. Although the air-sopply may be reduced 
at times, the heat quantity is not ehangeiL Dirt^et radiation has the 
disadvantage of a more or less unsiglitly appearance^ aiui architects 
and owners often object to the running of mains or risers through 
the rooms of the building. Air-valves should always be provide<l 
with drip conncTtions curriiHl to a sink or dry well In the basement. 

When circulation coils are used, a gotxl metlioil of drainage is 
to carry sejmrate returns fmni each wA to the basement, and to [jlace 
the air-valves in the drops jnst lx*low^ the basement ceiling. A check- 
valve should lie placed lx*low the water-line in each return. 

The gravity system has the fault of not supplying a uniform 
quantity of air under all cH)nditions of outside temperature, the same 
as a furnace, lait when properly arrangefl, may be made to give ijuite 
satisfactory results. 

The fan or l>Iowcr system for vcntihition, with direct radiation 
in the rooms for w^arniing, is considere^l to be one of the L>est possible 
arrangemtmts. 

In designing a plant of this kind, tlie njain heating coil should 
be of sufficient size to warm the total alr-sui>[)ly to 70 or 75 degrees 
in the coldest weather, and the direct snrfuee .should be prcj|)ortioned 
for heating the building independently of the indirect system. Auto- 
matic temperature regulation should be used in connection with 
systems of this kind, by placing pneumatic valves on the direct radia- 
tion. It is cu.stomar^' to carry from 3 to S pounds pressure on the 
direct system, and from 8 to 15 pounds on the main coil, depending 
upon the outside temperature* The foot-warmers » vestibule, and 
loffice heaters should Ix? placed on a separate liiie of piping* with 
separate returns and trap, so that they can be used inde]xndently 
of the rest of the building ^f desired. Where there is a largr ns.seml>ly 
hall, it should be arranged so that it can be lx>th wanne^l and venti- 
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lated when the rest of the building is shut off. This can be done by a 
proper arrangement of valves and dampers. 

When different parts of the system are run on different pressures, 
the returns from each should discharge through separate traps into 
a receiver having connection with the atmosphere by means of a vent 
pipe. Fig. 173 shows a common arrangement for the return con- 
nections in a combination system of this kind. The different traps 
discharge into the vented receiver as shown; and the water is pumped 
back to the boiler automatically when it rises above a given level in 
the receiver, a pump governor being used to start and stop the pumps 
as re(T[uired. 

A water-level or seal of suitable height is maintained in the main 
returns, by placing the trap at the required elevation and bringing 
the returns into it near the bottom ; a balance pipe is connt^cted with 
the top for e(|ualizing the pressure, the same as in the case of a pump 
governor. Sometimes a fan is used with the heating coils placed at 
the base of the flues, instead of in the rooms. Where this is done 
the radiating surface may be reduced alx)ut one-half. This system 
is less expensive to install, but has the disadvantage of removing the 
heating surface from the cold walls, where it is most needed. 

With a blower type of fan, the size of the main ducts may be 
based on a velocity of from 1,000 to 1,200 feet per minute, and the 
branches on a velocity of 800 to 1,000 feet per minute. 

The velocity in the vertical flues may be from 600 to 700 feet per 
minute, although the lower velocity is preferable. 

The size of the inlet registers should be such that the velocity 
of the entering air will not exceed 350 to 400 feet per minute. 

When the air is delivered through a register at the high velocities 
mentioned, some means must be provided for diffusing the entering 
current, in order to prevent disagreeable draughts. This is usually 
accomplished by the use of deflecting blades of galvanized iron, set 
in a vertical position and at varying angles, so that the air is thrown 
towards each side as it issues from the register. The size of the 
Vent flues should be about the same as for a gravity system — ^that is, 
about 6 square feet for a standard classroom, and in the same pro- 
portion for smaller rooms. 

Vent-flue heaters are not usually required in connection with a 
fan system, as the force of the fan is sufficient to supply the refjuired 
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quantity of air at all times without the aspirating effect of the vent 
flues. 

The method of piping shown in Fig. 173 applies especially to 
buildings of large size. In the case of medium-sized buildings, it 
is often possible to use pin radiation for the main heater, placing the 
same well above the water-line of the boilers and thus returning the 
condensation by gravity, without the use of pumps or traps. When 
this arrangement is used, an engine with a large cylinder should be 
employed, so that the steam pressure will not exceed 15 or 18 pounds, 
and the whole system, including the direct surface, may be run upon 
the same system. 

This is a very simple arrangement, and is adapted to all build- 
ings of small and medium size where the heater can be placed at a 
sufficient height above the boilers. 

Temperature control is usually secured automatically by placing 
pneumatic valves upon either the direct or supplementary heaters. 
Mixing dampers are sometimes used instead, in the latter case. Every 
fan system should be provided with a thermometer of large size for 
indicating the temperature of the air in the main duct just beyond 
the fan. 

The ventilation of the toilet-rooms of a school building is a 
matter of the greatest importance. The first requirement is that the 
air-movement shall be into these rooms from the corridors instead of 
outward. To obtain this result, it is necessary to produce a slight 
vacuum within, and this cannot well be done if fresh air is forced 
into them. 

One of the most satisfactory arrangements is to provide exhaust 
ventilation only, and to remove the greater part of the air through 
local vents connecting with the fixtures. 

Hospitals. The best system for heating and ventilating a hos- 
pital depends upon the character and arrangement of the buildings. 
It is desirable in all cases to do the heating from a central plant, 
rather than to carry fires in the separate buildings, both on account 
of economy and for cleanliness. 

In the case of small cottage hospitals with two or three buildings 
placed close together, indirect hot water affords a desirable system for 
the wards, with direct heat for the other rooms; but where there are 
several buildings, and especially if they are some distance apart, it 
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bec*omes necesijary to aiiKstitutt^ steam unless the water is pumped 
through the mains. For large city buildings, a fan systeui is always 
desirable. 

If the building is tall compared with its ground area, so that 
the horizontal supply ducts will lie comparatively short, the double- 
duet system may be used with gcKxl results. Wliere the rooms are 
of good size» and the number of supply flues not great, the use of 
siij>plementar\' heaters at the bases of the flues makes a satisfactory 
arrangement. Diret^t radiation should never be used in the wards 
when it can be avoided, even in connec*tion with an independent air- 
supply, as it offers ttx) great an opportunity for the accumulation of 
dust in places which are difficult to reach. 

It is common to provide from iSO to 100 cubic ftt*t of air per 
minute per patient in ordinan^ wards, and from 1(10 to 120 cubic feet 
in contagions wards. 

The ustial ward building of a modern cottage-hospital generally 
contains a main ward having fram 8 to 12 l>eds, and a numlier of 
private rooms of one l>ed each. 

In addition to these, there are a diet kitchen, duty-room, toilet- 
rooms, batlmxmis, linen-closets, and lockers. 

For mudemtely sheltered locations, 30 square feet of indirect 
steam radiation has been found sufficient in zero weather for a single 
wan I with one exposes! wall and a single window, wlien upon the 
south side of the building. 

VoT northerly rooms, 40 square feet should be used* In exposed 
locations, the heaters may be made 40 and 50 sc|nare feet for north 
and south rooms respectively. The standanl pin-radiators nitetl at 
10 s([nare feet of heating surface per section, are commonly used for 
this puq>ose. In case hot water is used, the same number of sections 
of the ileep-pin pattern rated at 15 square feet each may be employeil, 
making a total of 45 and 50 scjuare feet per room. For conier rtjoms 
having two exposed walls and two windows, the amount of radiation 
should be increas*^! about *^1 per cent over that given al>ove. 

The wards are usually furnish*xl with fireplaces which provide 
for the discharge ventilation. In case the fireplaces are omitted, a 
special vent flue, either of brick or of galvanized iron, should be pro- 
videtl. These should not be less than 8 by 1 2 inches for single w^ards, 
and the ecjuivalent for each bet! in a large wanl. Each flue of this 
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kind should have a loop of steam pipe for producing a draught. A 
loop of 1-ineh pipe, 10 or 12 feet in height, is usually sufficient for 
this purpose. 

Other rooms than wards are usually heated with direct rarlia- 
tors, the sizes of which may be computed in the same manner as for 
dwelling-houses. 

Steam tables for the kitchen, sterilizers, and laundry machiner}', 
require higher pressures than is necessarj' for heating. 

In large plants the boilers are usually nm at high pressure, and 
the pressure reduce<l for heating. A good arrangement for small 
plants is to provide sufficient l)oiler power for warming and ventilating 
purposes, and run at a pressure of 3 to 5 pounds. In addition to 
this, a small high-pressure l)oiler carrj'ing 70 or 80 pounds should be 
furnished for laundry work and water heating. 

Churches. Churches may be warmed by furnaces, by indirect 
steam, or by means of a fan. For small buildings the furnace is 
more commonly use<l. This apparatus is the simplest of all and is 
comparatively inexpensive. Heat may l)e generated quickly, and 
when the fires are no longer needed, they may be allowed to go out 
without danger of damage to any part of the system from freezing. 

It is not usually necessary that the heating apparatus be large 
enough to warm the entire building at one time to 70 degrees with 
frequent change of air. If the building is thoroughly warmed before 
occupancy, either by rotation or by a slow inward movement of 
outside air, the chapel or Sunday-school room may be shut off until 
near the close of the ser\nce in the auditorium, when a portion of the 
warm air may be turned into it. When the service ends, the switch- 
damper is opened wide, and all the air is discharged into the Sunday- 
school room. The position of the warm-air registers will depend 
somewhat upon the construction of the building, but it is well to keep 
them near the outer walls and the colder parts of the room. Large 
inlet registers should be placed in the floor near the entrance doors, 
to stop cold draughts from blowing up the aisles when the doors are 
opened, and also to be used as foot-warmers. 

Ceiling ventilators are generally provided, but should be no 
larger than is necessary to remove the products of combustion from 
the gaslights, etc. If too large, much of the warmest and purest 
air will escape through them. The main vent flues should be placed 
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in or nrar tlic HiMjr luid slnnilrl he ccmnrtttnl with a vent shaft leading 
outboartL TIhs Hue slnmltl be pnivi*lecl with a small stove or flue 
heater made sjM^nally for this purjjose. In eold weallier the natnral 
draught will Ik* found sufficient iii most eases. 

The same f^eneral ni\v's art* tn 1r' folhnvt**! in the ease of 
indireet steam as have been deserihed for furnaee heating. The 
staeks are placed hnieath tlie repsters or flues, anti mixing dampers 
provideii. If there are large winilows, fines shouUl he armngt*c1 to 
ivpen in the window-sills, so that a sheet of wami air may he delivenHl 
in fr<>n( of rhe windows, toeonnteraet the effects of eohl down-<lninghts 
from the ex|x>sed glass. These Hues may nsnally he maile 3 or 4 
iuehes in ilepth, an«l should extt^id the entire widfli of the window. 
Small r^>oins, such as vestil>ules, library, piistor's room, etc., are usually 
heateil with direct rmliators. Rooms which are usetl during the 
week are often connected with an independent heater so that they 
may be warmed without running the large boilers, as would otherwise 
Ir* neeessary. 

When a fan is used, it is desiral>U% if possible, to deliver the air 
to the autlitorinm through a large number of small ojx»nings, Tliis 
is often done by ctmstnietiug a shallow box under each pew, miming 
\is entire length, and conneetiug it with tlie distriljuting duets or a 
plenum space by means of a pi|x* from below. The air is <lelivered 
at a low velocity through a long slcjt, as shown in Fig, 174. 

The warm-air Hues in the window-sills should U^ retaiuiHl, but 
may be made shalUiwer, and the air forced in at a high veltKnty. 

If the auditorium has a sloping floor, a plenum space may l>e 
[H^ovidiHl iK^tween the upper or raised portion and the main floor* 
Sometimes a shallow Ijaseuient 3 or 4 feet in height, with a cemented 
t1<H>r, and extending under the entire auditorium, is used as an air 
or pienum space. 

If the basement is of gocnl height and iisv<i for stonige or other 
purposes, it is necessary to carry galvanized-iron *lucts at the ceiling 
under the center of each double row of pews^ and to connect with 
each pair by means of branch uptakes. The size of these should 
be cH|ual to 3 or 4 sfjuare inches for each occupant. 

Another method is to supply the air through a small register in 
the enrl of each pew. This simplifies the pew construction some* 
what* but otherwise is not so satisfactory as the precetting method. 
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If the special pew construction is too expensive, or for any other 
reason cannot well be used, and the fan is to be retained, the greater 
part of the air is best introduced through wall registers placed about 
8 feet above the floor, with exhaust openings at or near the floor. 
By this arrangement the air is thrown horizontally toward the center 
of the church, and much of it falls to the breathing level without 
rising to the upper part of the room. 

Halls. The treatment of a large audience hall is similar to that 
of a church, the warming l)eing usually done in one of the three ways 
already described, ^^^le^e a fan is used, the air is commonly delivered 

through wall registers placed in 
part near the fl(X)r, and partly at a 
height of 7 or 8 feet above it. They 
should be made of ample size, 
so that there will be freedom fn)m 
draughts. A part of the vents 
should be placed in the ceiling, 
and the remainder near the floor. 
All ceiling vents, in both halls and 
churches, should be provided with 
dampc^rs having means for hold- 
ing them in any desired position. 
If indirect gravity heaters are 
used, it will generally be necessary 
to place heating coils in the vent 
flues for use in mild weather; but 
if the fresh air is supplied by 
means of a fan, there will usually be 
pressure enough in the room to force the air out without the aid of 
other means. When the vent air-ways are restricted, or the air is 
impeded in any way, electric ventilating fans are often used. These 
give especially good results in warmer weather, when natural venti- 
lation is sluggish. The temperature may be regulated either by 
using the double-<luct system or by shutting off or turning on a greater 
or less number of sections in the main heater. After an audience 
hall is once warmed and filled with people, very little heat is required 
to keep it comfortable, even in the coldest weather. 

Theaters. Ip designing heating and ventilating systems for 




Fig. 174. An Approved Method of De- 
livering Wami Air to the Audi- 
torium of a Church. 
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theatt*rs, a wide expcrk*rKv uml tin- jL^rt-atest vnrv arr nc^cT^ary to 
secure the best results. A theater cc»iisist,s nf lliree purts: tlie Uody 
uf the house, or aiuliloriiini; the stage and dressiiif;-r(Hims» aial tlic 
foyer, lobbies, eorriilors* stairways, and offices. Theaters are usually 
located in cities, and surroimded with other buiUin^s on two or more 
sides, thus allowiiit; iu> threet conntTtion hy windows with the ex- 
ternal air; fcjr this reason artificial means are necessary for providing 
suitable ventilation, and a forced eirculatioo bv means of a fan is the 
only satisfactory means af accomplishing tliis. It is nsnally advisable 
to create a slight excess of pressure in t!ie auditorium, in order that 
all oj>enings shall alhjw for the ffischarge rather tlian the inward 
leakage of air. 

The general and most approved method of airnlistribution is 
to force it into closed spaces iM-neath the auditorium and balcony 
floors, and allow it to discharge upward through small openings 
among the seats. One of the best luetlaMls is through chair-legs 
of special latticed design, which are placed over suitable openings in 
the floor; in this way the air is delivered to the room in small streams, 
at a low velocity, without draughts or currents. The discharge 
ventilation shouhi lie largely through ceihng vents, an<l this may be 
assistetl if uecessary by the use of ventilating fans. \'ent openings 
should also be provideil at the rear of the balconies, either in the wall 
or in the ceiling, and these should be connectetl with an exhaust fan 
either in the basement or in tire attic, as is naist ecnivenient. 

The close seating of the oifupai^ts produces a large atnount of 
animal heat, w^hieh usually increases the temperature from ti to 10 
degrees, or even more; so that, in considering a theater once filled 
and thoroughly warmed, it becomes niorc of a question of cooling 
than one of warming to produce comftirt. 

The dressing-rooms should be provided %vith a generous supply 
of fresh air, sufficient to change the eutin- contents mice in 10 minutes 
at lea^t, and shouhi have discliarge fines of snfiicient size to viivry 
away this amount of air at a velocity not exceetling 300 fet-t per 
minute, unless conuecte<l with an exhaust fan, in which case the 
velocity may l>e doul)!ed. The foyer, corridors, dressing-rooms, 
etc., are generally heated by direct radiators, which may be con- 
cealed by ornamental screens if desire<l. 

Office Bui Idi tigs* This class of buihlings may Ik? satisfactorily 
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warmed by direct steam, hot water, or, wliere ventilation is desired, 
by the fan system. Probably direct steam is used more frequently 
than any other system for this purpose. Vacuum systems are well 
adapted to the conditions usually found in this type of building, 
as most modem oflBce buildings have their own light and pow^er 
plants, and the exhaust steam can thus be utilized for heating pur- 
poses. The piping may l>e either single or double. If the former 
is used, it is better to carry a single main riser to the upper story, and 
nm drops to the basement, as by this means the steam and water 
flow in the same direction, and much smaller pipes can l>e used than 
would Ix* the case if risers were carried from the basement upward. 

Special provision must Ix? made for the expansion of the risers or 
dmps in tall buildings. They are usually anchored at the center, 
and allowed to expand in lx)th directions. The connections with the 
radiators must not be so rigid as to cause undue strains or to lift the 
radiators from the floor. 

It is customary, in most cases, to make the connections with 
the end farthest from the riser; this gives a length of horizontal pipe 
which has a certain amount of spring, and will care for any vertical 
movement of the riser that is likely to. occur. Forced hot-water 
circulation is often used in connection with exhaust steam. The 
water is warmed by the steam in large heaters similar to feed-water 
heaters and is circulated through the system by moans of centrifugal 
pumps. This has the usual advantage of hot water over steam, 
inasmuch as the temperature of the radiators may be regulated to 
suit the conditions of outside temperature. 

When a fan system is used the arrangement of the air-ways is 
usually somewhat different from any of those yet described. Owing 
to the great height of these buildings, and the large number of small 
rooms which they contain, it is impossible to carry up separate flues 
from the basement. One of the best arrangements is to construct 
false ceilings i i the corridor-ways on each floor, thus fonning air- 
ducts which may receive their supply through one or more large up- 
takes extending from the basement to the top of the building. These 
corridor air-ways may be tapped over the door of each room, the 
openings being provided with suitable regulating dampers for gauging 
the air-supply to each. Adjustable deflectors should he placed in 
the main air-shafts for proportioning the quantity to be clelivered 
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to each Htwir. If Ixtth supply nnd t\'\sc]\nT^v vt'iililatioii nrr to be 
proviilnl, ihr (n-sh iiir may )h' rurned in tralvaiazed-inui iliicts witliin 
the rtnliii*^spac(\s, and tljc rt'tiiaiiuler luscd for cTmvcyiiit^ llic cxliaustecl 
air tu uptakes Icmliii^ to a discharge fan placed u[Kin the rtiof of 
ihe building. In both of these c^ses, it is a.**.suiine<l that lieat is sup- 
plied to the riMJias by dirett rathation, and that the air-supply is for 
ventilati<*ii «nily. 

Apartment Houses- These are warinetl Ijy funiaces, «lirect 
steam, and hot water. Furnaees are more often used in the smaller 
houses, as they are cheafXT to install, and rei|iiiri' a l<\ss skilful at- 
tendant to operate them. Steam is prt.jbably u.stn! more than any 
other system in liloeks of larj^er size. A \vellHlesi*,nirsi sin<;]e-pipe 
connection, with antt niatic air-valves drippe<l to the basement, is 
probably the most satisfacttir}- in this class of work. People who 
arc more or less imfamiliar with steam systems are apt to overlook 
one of the valves in shuttint^ off <ir turning on steam; and where only 
one valve is used, the difficulty arisin*^ from this is avoided. Wjert* 
pet-cock air-valves arc ustMl, they are often h*ft oj>cn through careless- 
ness; and the automatic valves, unless drippin!, are likely to give more 
or less trr>uble. 

Greenhouses and Conservatories. Buildings of this class are 
heatetl in some casc»s by steam and in others l>y hot water, some Horists 
preferring one ancl some the other. Either system, when properly 
designed and ctinstructetb should give satisfaction, altliongh hot 
water lias its usual advantage of a variatilt^ temperature. The 
melhcHls of piping are, in a general way, like those already descrilxN:!, 
[1(1 the pipes may be locatcMl tt> nui xmderneath the lve<ls of growing 
Hants or above, as bottt>m or top heat is desired. The rnain is gen- 
erally run near the upper part of the greenhouse and to the fartln^st 
extremity, in tjue or more l)mnches, with a [)i(ch upward fnim the 
heater for hot water and with a pilcli downward fur steam. The 
principal radiating surface is made of parallel Hnp^s of 1 \ inch or 
larger pi|x% placed under the Ijenches and supplied liy the return 
current* Figs. 175, 170, and 177 show a common method of nmning 
the pipittg in gn^enliouse wf>rk. Fig. 175 .shows a plan and eleva- 
tion of tli*^ Iniilding with its lines of pipe; antl Figs. 17^* and 177 pve 
details of the pij»e connections of the outer and inner groups of pipes 
respectively. 
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coils; so that we may say, id general, that the scjuarc feet of radiating 

surface rcqinred equals the total exposed surface, divideil by 4 for 
steam coils, and by 2.5 for hot-water. These results should be in- 
creased from 10 to 20 per cent for exposed locations. 

CARE AND MANAGEMENT 

The care of furnaces, hot-water heaters, and steam Ijoilers has 
been discussed in conntx'tion with the design of these different systems 
of heating, and neetl not be repeated. The maiuigenient of the 
heating and ventilating systems in large school buildings is a matter 
of much importance, especially in those using a fan system. To obtain 
the best results, as much depends upon the skill of the operating 
engineer as upon that of the designer. 

Beginning in the l[)oiler-room, he should exercise s|>ecial care 
in the management of his fires, and the instruction given in *'BoiIer 
Accessories" should l>e carefully followetl; all flues and smoke 
passages should be kept clear and free from accumulations of soot 
and ashes by means of a brush or steam jet. Pumps and engine should 
l>e kept clean and in perfect adjustment, and extra care should l>e 
taken when they are in rooms through which the air-supply is drawn, 
or the odor of oil will be carried to the rooms. All steam traps should 
l)e examined at regular inter\^als to see that they are in working orderj 
and upon any sign of trouble, they should be taken apart and care- 
fully cleaned. 

The air-valves on all direct and indirect ratliators should be 
inspected often; and upon the failure of any room to heat properly, 
the air-valve should first be looked to as a prol>ablc cause of the diffi- 
culty. Adjusting dampers should be placed in the base of each flue, 
so that the flow to each room may be regulated independently. In 
starting up a new plant, the system should bc^ put in proix^r balance 
by a suitable adjustment of these dampers; and, when once adjusted, 
they shoukl be marked, and left in these positions. The temperature 
of the rooms should never be regulateti by closing the iidet registers. 
These should never be touched unless the room is to be unused for 
a day or more. 

In designing a fan system, provision should be made for air- 
rotaimi; that is, the arrangement should be such that the same 
air may be taken from the building and passed through the fan and 
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Flj;. 176. Count'ctlciis of ( )\iU'r cirou^s of Piih's of Greenhouse Shown In Fig. 17!». 




Fig. 177. Connections of Inner Groups of Pipes of Greenhouse Shown in Fig. 175. 
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heater continuously. This is usually accomplished by closing the 
main vent flues and the cold-air inlet to the building, then opening the 
class-room doors into the corridor-ways, and drawing the air down 
the stair-wells to the basement and into the space back of the main 
heater through doors provided for this purpose. In warming up a 
building in the morning, this should always be done until about 
fifteen minutes before school opens. The vent flues should then be 
opened, doors into corridors closed, cold-air inlets opened wide, and 
the full volume of fresh air taken from out of doors. 

At night time the dampers in the main vents should be closed, 
to prevent the warm air contained in the building from escaping. 
The fresh air should be delivered to the rooms at a temperature of 
from 70 to To degrees; and this temperature must be obtained by 
proper use of the shut-off valves, thus running a greater or less number 
of sections on the main heater. A little experience will show the 
engineer how many sections to carry for different degrees of outside 
temperature. A dial thermometer should be placed in the main 
warm-air duct near the fan, so that the temperature of the air delivered 
to the rooms can be easily noted. 

The exhaust steam from the engine and pumps should be turned 
into the main heater; this will supply a greater number of sections 
in mild weather than in cold, owing to the less rapid con- 
densation. 
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